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ABSTRACT 
Traumatic brain injury (TBI) is a major health and socioeconomic problem 
throughout the world. In China, the incidence of TBI is rising sharply. The outcome 
of TBI depends greatly on its pre-hospital management. However, the Emergency 
medical service (EMS) system, which provides ambulance services, is the weakest 
part of the medical system in China. Therefore, this study aimed to quantify the 
practices and knowledge levels of pre-hospital doctors in TBI management in Hubei 
province, China, and to explore the influencing factors.   
A cross-sectional questionnaire survey was conducted with a sample of pre-
hospital doctors from two emergency medical centres and their cooperating 
emergency departments (EDs) in Hubei Province, China. The self-administered 
questionnaire gathered information on demographics, the practices and knowledge 
levels of the doctors in pre-hospital TBI management (identification, assessment, and 
treatment of TBI in pre-hospital settings), and the external barriers associated with 
EMS. Independent samples t-test or one-way ANOVA was used to analyse group 
differences in the mean scores of pre-hospital TBI management. General linear 
regression was used to explore influential demographic factors in TBI management.  
This study revealed that the number of pre-hospital doctors in Hubei Province 
is insufficient. Furthermore, participants could correctly answer 69% of the questions 
on TBI management. Suboptimal practices in some aspects of pre-hospital TBI 
management existed in the study catchment. Regarding influencing factors, 
education level was positively associated with the score of TBI identification 
(p=0.019); participants who worked in ED (p=0.011) or who formerly practice 
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internal medicine (p=0.009) tended to achieve lower scores in TBI assessment; and 
participants’ scores in TBI treatment were positively associated with training 
frequency (p=0.011). Inadequate resources, adverse conditions, and suboptimal 
management system were reported as external barriers to optimal EMS.  
This study quantified the practices and knowledge levels of pre-hospital 
doctors in TBI management in Hubei, China, and explored the influencing factors. 
As a result, it provides evidence for future research on improving the quality of pre-
hospital management in China. Large-scale, multi-centre research in terms of 
investigation and improvement of Chinese EMS quality could be conducted in the 
future. 
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CHAPTER 1: INTRODUCTION 
Traumatic brain injury (TBI) is a major health and socioeconomic problem 
throughout the world (A. I. Maas, Stocchetti, & Bullock, 2008). It is the primary 
cause of most trauma deaths (Vyrostek, Annest, & Ryan, 2004) and the most 
common cause of mortality and disability among young individuals (Ghajar, 2000). 
Globally, the incidence of TBI is rising sharply, mainly because of increasing motor 
vehicle use in less developed countries (A. I. Maas et al., 2008).  
In China, the incidence of TBI ranged from 55.4 to 64.1 per 100,000 head of 
population in 1986 (C.-c. Wang et al., 1986). Due to a lack of coherent systems for 
national registration of TBI, the incidence of TBI in the past decades is unknown (X. 
Wu et al., 2008b). However, the dramatic increase of vehicles and high-rise buildings 
in China has increased the risk of traffic accidents and high-level falls (X. Wu et al., 
2008b). The number of people who died from road traffic accidents increased from 
about 60,000 in 1995 to 100,000 in 2003. Among these cases, brain injury accounted 
for 38.7% to 57.3%  of deaths (X. Wu et al., 2008b). 
The population most affected by TBI is young males (X. Wu et al., 2008b), 
which is a high cost to society because of the years of potential life lost and the 
working years of potential life lost due to death and disability. Moreover, the 
proportion of severe TBI in China is much higher when compared to other countries, 
20% vs 10% (Bruns & Hauser, 2003; X. Wu et al., 2008b). This group of patients has 
the longest stay and the highest hospital cost, and has a high case-fatality rate 
(Andriessen et al., 2011). Exploring the reasons behind the high proportion of severe 
TBI in China may shed new light on future TBI management and prevention.  
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Secondary brain injury, which occurs in minutes to days following primary 
injury, is the main cause of in-hospital TBI mortality (Marshall et al., 1991). Post-
injury events such as hypoxia, hypotension and intracranial hypertension can initiate 
the pathophysiological mechanisms of secondary brain injury (Miller et al., 1981). 
Studies have shown a high incidence of these post-injury events at the scene of 
accidents (Stocchetti, Furlan, & Volta, 1996). Accordingly, early prevention, 
identification, and correction of those events in pre-hospital settings can lower the 
risk of secondary brain injury and reduce the case-fatality rate of TBI (Ghajar, 2000). 
As such, many countries have established guidelines for TBI pre-hospital 
management over the past 15 years (Badjatia et al., 2008; A. I. R. Maas et al., 1997; 
Piek & Working Group Neurosurgical Intensive Care, 1998; Procaccio, Stocchetti, 
Citerio, Berardino, & et al., 2000; QAS, 2011). 
The Emergency medical service (EMS) system (ambulance service) consists of 
“a communications mechanism to initiate a response, a vehicle with personnel to 
provide treatment and transport, and a receiving facility to take the patient to” 
(Roush, 1994). Different from Australia, the EMS system in China is managed by an 
organisation, the emergency medical centre (急救中心) (Figure 1). Since there is no 
paramedic profession in China, the staff members working in the emergency medical 
centre are doctors, nurses, patient-carriers, and drivers (Hou & Lu, 2005). Among 
them, doctors play a crucial role in EMS (Sun, 2009). 
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         Figure 1. Xiangyang Emergency Medical Centre  
(Copyright: Xiangyang Emergency Medical Centre) 
The EMS system in China is still in its relative infancy, being arguably no 
more than 30 years old (D. Li, Zhang, & Tan, 2008), and it is considered the weakest 
branch of the Chinese medical system (Hou & Lu, 2005). Therefore, suboptimal 
practices in TBI management may exist in pre-hospital settings, which may lead to a 
higher proportion of severe TBI upon admission and poor prognosis for TBI patients 
in China. Among the factors leading to the suboptimal practices in TBI management 
in pre-hospital settings in China, doctors’ knowledge could be one of them. 
However, all of the published research papers we found, regarding Chinese pre-
hospital TBI management, are reports from local Emergency Medical Centres. A 
quantitative study measuring Chinese pre-hospital doctors’ performance in TBI 
management has never been conducted. 
Hubei Province lies in the central part of China, with an area of 186,000 square 
kilometres (Figure 2). It has a sub-tropical monsoonal climate, with a mean annual 
4 
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temperature of 15oC–17oC (China Daily, 2014). Hubei is a major industrial 
construction area in China and has a population of 57.24 million. According to 
figures from the Statistics Bureau of Hubei province, the gross domestic product 
(GDP) reached 1.60 trillion Yuan (about 290.32 billion AUD) in 2010 ("Statistics 
about Hubei in 2010", 2011). It is less developed than the metropolitan areas of 
Beijing and Shanghai, and not as poor as western China. Therefore, it can represent 
the average Chinese socioeconomic level.  
Wuhan is the capital city of Hubei province (Figure 3). The city is recognised 
as the political, economic, cultural, educational, and transportation centre of central 
China, with 9.8 million inhabitants. Xiangyang is the second largest city in Hubei, 
with 5.5 million inhabitants ("Population of cities, towns, and counties of Hubei at 
year-end", 2010). 
            
 
Figure 2. Location of Hubei province  
(Copyright: itourschina.com) 
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Figure 3. Location of main cities in Hubei province 
(Copyright: itourschina.com) 
 
This study aimed to describe practices and knowledge levels of pre-hospital 
doctors in TBI management in Hubei, and to explore the influencing factors. It also 
describes external barriers that could negatively influence the Chinese ambulance 
service.  
The study has the following specific objectives: 
- Objective one: Describe Chinese pre-hospital doctors’ characteristics. 
- Objective two: Describe practices and knowledge levels of Chinese pre-
hospital doctors in TBI management. 
- Objective three: Explore factors that could influence practices and knowledge 
levels of Chinese pre-hospital doctors in TBI management. 
- Objective four: Describe external barriers that could negatively influence the 
Chinese ambulance service. 
The study was conducted to answer the following research questions: 
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- Do Chinese pre-hospital doctors have the essential knowledge regarding TBI 
management in pre-hospital settings? 
- How do Chinese pre-hospital doctors identify potential TBI patients at 
accident scenes, assess the severity of TBI, and treat TBI patients in pre-
hospital settings? 
- Which factors could influence practices and knowledge levels of Chinese pre-
hospital doctors in TBI management? 
- What kinds of external barriers could affect pre-hospital doctors’ timely 
arrival, optimal treatment, and smooth handover from pre-hospital to a 
emergency department (ED)? 
Thesis Outline 
In Chapter 2, a critical literature review is conducted on the content of the basic 
concepts of secondary brain injury and current strategies for TBI pre-hospital 
management recommended by guidelines and literature. It then focuses on local 
practices in pre-hospital TBI management at different Chinese locations. Chapter 3 
presents details of the study methodology, the target population, instruments used, 
the procedures of data collection and analysing, and the ethics. 
The study results are presented in Chapter 4. Demographic characteristics of 
participants are described first. Next, current practices and knowledge levels of pre-
hospital doctors in TBI management are quantified and detailed. Factors associated 
with practices and knowledge levels of doctors in TBI management are analysed. 
Last, the external barriers influencing EMS are presented. Chapter 5 contains the 
discussion, recommendations, possibilities for future research, and limitations.  
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Chapter 6 presents the conclusions regarding current practices and knowledge 
levels of pre-hospital doctors in TBI management in Hubei, China; discusses the 
implications of the conclusions in relation to the quality of pre-hospital TBI 
management; and offers recommendations and practical suggestions for improving 
quality of pre-hospital care and possible future research at both the provincial and 
national levels in China.                                   
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CHAPTER 2: LITERATURE REVIEW 
This chapter reviews literature on the epidemiology background, secondary 
brain injury, recommendations for pre-hospital TBI management, and pre-hospital 
TBI management in China.  
2.1 Epidemiology of TBI 
TBI, also known as intracranial injury, is defined as an alteration in brain 
function, or other evidence of brain pathology, caused by an external force (Menon, 
Schwab, Wright, & Maas, 2010). It can be classified based on severity using the 
Glasgow Coma Scale (GCS) with a score of 13–15 as mild, 9–12 as moderate, and 
3–8 as severe (A. I. Maas et al., 2008). In TBI, brain function is temporarily or 
permanently impaired and structural damage may or may not be detectable with 
current technology.  
TBI is estimated to be the primary cause of 30% to 50% of traumatic deaths 
(Sosin, Sniezek, & Waxweiler, 1995). It has a high incidence among populations all 
around the world. According to a report, TBI occurs every 15 seconds and a person 
dies of TBI every 12 minutes (McGinnis, 1988). 
In developed countries, the incidence of TBI (admission) ranges between 200 
to 281 per 100,000 and the mortality rate of TBI in these countries ranges from 10 to 
25 per 100,000 (Table 1). 
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Table 1. Epidemiology of TBI in different countries 
Country Incidence 
(admission) 
Per 100,000 
Mortality 
Per 
100,000 
Case-
fatality 
(%) 
Mean 
age 
(years) 
Gender, 
male 
(%) 
Reference 
The US 180–250 25 12.5 30 77 (Bruns & Hauser, 2003; 
Corrigan, Selassie, & Orman, 
2010) 
UK 270 10 3.7 34 75 (Field & Britain, 1976; G. 
Murray et al., 1999; Murray, 
1999) 
Australia 392 25 6.3 49 72 (Lyle, Quine, Bauman, & 
Pierce, 1990; Rosso et al., 
2007) 
France 281 22 7.8 44 71.4 (Masson et al., 2001; Tiret et 
al., 1990) 
 
Approximately 10%–15% of TBI cases are moderate or severe (A. I. Maas et 
al., 2008). The outcome for this group is especially poor, even in developed 
countries. Within six months after injury, the case-fatality rate of moderate and 
severe TBI ranges from 32% to 49%. Besides mortality rates, 14%–23% of moderate 
and severe TBIs remain in a vegetative or severely disabled state (Andriessen et al., 
2011; G. D. Murray et al., 1999). 
In less developed countries, the outcome for TBI seems to be worse and the 
incidence is increasing. In India, it has been estimated that the overall case-fatality 
rate of TBI is 50% and almost 1,000,000 people die of TBI every year (Gururaj, 
2002).  In Johannesburg, South Africa, the incidence of TBI is 316 per 100,000 and 
the overall case-fatality rate is 25.6% (Nell & Brown, 1991). On the other hand, the 
incidence of TBI in less developed countries has increased in recent decades, 
presumably in part because of the rapid increase in the number of vehicles and 
relatively poor traffic conditions and emergency management (A. I. Maas et al., 
2008). 
In China, the incidence of TBI ranged from 55.4 to 64.1 per 100,000 in 1986 
(C.-c. Wang et al., 1986). Due to a lack of coherent systems for national registration 
of TBI, the incidence transition of TBI in the past decades is unknown (X. Wu et al., 
10 
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2008b). However, the dramatic increase in the number of vehicles and high-rise 
buildings in China has increased the risk of traffic accidents and high-level falls (X. 
Wu et al., 2008b). As for traffic accidents, the number of people who died from road 
traffic accidents increased from about 60,000 in 1995 to 100,000 in 2003. Among 
these cases, brain injury accounts for 38.7% to 57.3% of deaths (X. Wu et al., 
2008b). 
Table 2 summarises some Chinese papers published in the last ten years 
relating to the epidemiology of TBI in the most developed parts of China. The 
percentage of moderate and severe TBI cases ranges from 31.7% to 71.2% across 
different areas, which is much higher than the world average level of 10%–15%. 
These cases can result in the longest stay and the highest hospital costs, and have a 
high case-fatality rate (MacKenzie, Siegel, Shapiro, Moody, & Smith, 1988). Since 
most TBI cases occur at a relatively young age (the mean age between 28.8 to 39.6 
years old), more years of potential life lost and working years of potential life lost are 
seen in males than from cardiac or cerebrovascular disease or cancer (H. Chen, 2007; 
Jennett, 1991). 
Table 2. Epidemiology of TBI in parts of China 
 East China Central China South China 
Study specifications 
Cohort size 15611 1985/3901* 10067/4311* 
Period 1/2004–12/2004 5/2004–10/2006 1994–2003 
Demographics and injury characteristics 
Age, mean(SD) 39.6 (17.9) 36.0 (2.0) 28.8 (13.0) 
Gender, male 76.6% 54.3% 68.7% 
Injury mechanism 
Traffic 60.4% 52.9% 56.9% 
Fall 13.1% 17.6% 10.3% 
Attack 11.7% 14.1% 19.1% 
Category 
Mild 61.8% 40.1% 28.8%# 
Moderate 18.1% 34.5% 40.6%# 
Severe 20.1% 25.4% 30.6%# 
Outcome 
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Dead 10.8% 6.8%# 9.1%# 
Vegetative state 2.6% NR 1.0%# 
Severe disabled 2.2% NR 3.0%# 
Moderate disabled 7.2% NR NR 
Good recover 77.3% 45.45%# NR 
Reference (X. Wu et al., 2008a) (H. Chen, 2007; B. C. 
Huang & Xue, 2007) 
(J. L. Chen, Xiao, & 
Zuo, 2006; Z. G. 
Guo & Wu, 2005) 
 
In terms of incidence, mortality, morbidity, the use of medical resources and 
the social economic burden, TBI is considered a major health problem in China. 
Therefore, it is critical to explore factors such as the knowledge levels and practices 
of doctors in TBI management that may affect the mortality of TBI patients.  
2.2 Secondary brain injury 
A large proportion of patients killed by TBI do not die immediately, but days 
to weeks after the injury. Primary brain injury (the damage that occurs at the moment 
of trauma when tissues and blood vessels are stretched, compressed, and torn) is not 
adequate to explain this phenomenon. It is actually caused by secondary brain injury, 
a complex set of cellular processes and biochemical cascades including lipid 
peroxidation, mitochondrial damage, and apoptosis that occurs in the minutes to days 
following the trauma. These secondary processes can dramatically worsen the 
damage caused by the primary injury and account for most TBI deaths occurring in 
hospitals (Atabaki, 2006).  
Post-injury events, such as hypoxia, hypercapnia, hypotension, and intracranial 
hypertension, also known as secondary insults, frequently initiate the 
pathophysiological mechanisms of secondary brain injury and worsen patients' 
conditions (Miller et al., 1981). Hypotension and hypoxia are independently 
associated with a significant increase in morbidity and mortality from severe TBI 
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(Chesnut et al., 1993). As a result of these secondary insults, many patients who 
would otherwise recover with mild neurologic insults are left with severe disabilities, 
or they die. Studies have shown a high incidence of secondary insults at the scene of 
TBI accidents (Stocchetti et al., 1996). Therefore, the prevention, detection, and 
treatment of these insults in pre-hospital phases are of utmost importance. 
Hypoxia is defined as arterial haemoglobin oxygen saturation less than 90% 
(Badjatia et al., 2008). About 55% of TBI patients had hypoxia measured at the scene 
prior to intubation (Stocchetti et al., 1996). There are many reasons contributing to 
hypoxia in TBI, including hypoventilation, impaired gas exchange, and increased 
oxygen consumption. 
Because of the disruption of the neural pathways that control respiratory 
function in TBI, the breathing patterns become shallow or rapid, or irregular 
respiration or apnea occurs (Geisler & Salcman, 1987). These respiratory patterns 
impair effective ventilation and result in inadequate oxygenation. Many TBI cases 
are also accompanied with lung injuries such as lung contusions, pneumothorax, 
impaired airway patency, and pain-induced hypoventilation, which can also lead to 
inadequate ventilation (Walleck, 1992). In addition, increasing evidence showed that 
ventilation/perfusion matching is mediated partially by the central nervous system 
(CNS), particularly in the hypothalamus (Demling & Riessen, 1990; Epstein, 
Cooper, & Ward, 1988). Therefore, a disruption of CNS leads to a 
ventilation/perfusion ratio (V/Q) mismatch and reduces the efficiency of gas 
exchange. After TBI, the patients’ metabolic rate increases 40% to 100% above the 
predicted rate (Walleck, 1992), which increases the consumption of oxygen 
dramatically in TBI patients.   
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All of these factors contribute to the TBI patients' poor arterial oxygen tension. 
However, the energy requirements of the brain can only be met if proper oxygenation 
is available to brain. Thus, hypoxia contributes significantly to progressing 
neurologic damage after TBI (Walleck, 1992). Besides, in order to ensure energy 
during hypoxia, the cerebral blood flow increases as the only compensatory 
mechanism. It provides a luxury perfusion in the uninjured areas of the brain, and 
contributes to elevated increased intracranial pressure (ICP) in TBI patients. The 
adverse effect of hypoxia on the outcome of TBI patients is reported in several 
studies (Hsiao, Michelson, & Hedges, 1993; Silverston, 1989; Stocchetti et al., 
1996). A significant association between arterial desaturation and poor outcome  
(Table 3) has been revealed (Badjatia et al., 2008).  
Table 3 Association between arterial desaturation and poor outcome 
Oxygen Saturation Mortality Severe Disability 
> 90% 14% 5% 
60% – 90% 27% 27% 
< 60% 50% 50% 
 
In addition, carbon dioxide can be retained as a result of hypoventilation. Also, 
the marked hyper-metabolic state leads to increased carbon dioxide production. Both 
of these contribute to hypercapnia (PaCO2>45mmHg). Carbon dioxide is a potent 
vasodilator that raises ICP and causes intracranial hypertension. The latter is a main 
secondary insult that can significantly increase morbidity and mortality rates in TBI 
patients (Walleck, 1992). 
Hypotension is defined as systolic blood pressure (SBP) less than 90 mmHg 
(Badjatia et al., 2008). TBI alone does not generally cause hypotension unless there 
is prolonged compression of the brainstem. In fact, the primary cause of hypotension 
is multi-injury with haemorrhage (Walleck, 1992). The prevalence of hypotension in 
TBI patients upon first contact in the field was reported at 16% in Australia (Garner, 
14 
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Crooks, Lee, & Bishop, 2001), and 19% in the US (Ochs et al., 2002). Hypotension  
contributes to cerebral hypoperfusion and can independently predict worse outcomes 
(Fearnside, Cook, McDougall, & McNeil, 1993). From the report on prediction of 
TBI outcomes (Bullock et al., 1996), hypotension is one of the five factors found to 
have a 70% or greater positive predictive value for mortality. A single episode of 
hypotension is associated with a doubling of mortality and an increased morbidity, 
compared with a matched group of patients without hypotension (Chesnut et al., 
1993). Therefore, hypovolemic shock should be avoided on an absolute basis in TBI 
patients.   
Intracranial hypertension, generally defined as an ICP greater than 20 mmHg 
(Walleck, 1992), is the last secondary insult which contributes to increased morbidity 
and mortality in TBI patients (Uzzell, Obrist, Dolinskas, & Langfitt, 1986). Increased 
ICP was reported as present on admission in 82% of TBI cases (Miller et al., 1977). 
The pathophysiology of intracranial hypertension is complex, including the 
mechanism of cerebral edema, increased volume of intracranial components, damage 
of the blood/brain barrier (BBB), and decreased cerebral perfusion pressure (CPP) 
(White, Cook, & Venkatesh, 2006). Intracranial hypertension is associated with 
cerebral hypoxia and poor neurologic outcome and should be prevented and treated 
in the pre-hospital period. 
The final common pathway of these mechanisms is cerebral ischemia, which 
can initiate secondary brain injury (van Santbrink, Maas, & Avezaat, 1996). 
According to a study, ischemia was significantly associated with early TBI mortality 
(Bouma et al., 1992). In patients dying from TBI, ischemic changes can be 
demonstrated in more than 90% of cases (Graham et al., 1989). Therefore, immediate 
restoration and stabilisation of adequate ventilation and circulation, as well as control 
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of intracranial hypotension to prevent cerebral ischemia, are critical approaches in 
pre-hospital TBI management. 
2.3 Recommendations and guidelines for pre-hospital TBI management 
After a traumatic event, there is little that can be done about the primary brain 
injury, but much can be done to minimise secondary brain injury. Also, the duration 
and severity of secondary insults can significantly influence TBI outcome (A. I. R. 
Maas et al., 1997), and studies have shown a high incidence of secondary insults at 
the scene of the accident (Stocchetti et al., 1996). Therefore, pre-hospital TBI 
management that can prevent, detect, and correct secondary insults immediately at 
the scene of the accident is fundamentally important to decreasing TBI case-fatality 
rates.  
Many countries including the US, Europe, and Australia have published 
guidelines for pre-hospital TBI management that are intended to standardise 
treatment and improve outcomes in severe TBI patients (Badjatia et al., 2008; Piek & 
Working Group Neurosurgical Intensive Care, 1998; QAS, 2011). According to these 
guidelines, current key issues of pre-hospital TBI management focus on assessment 
and treatment of hypoxia, hypotension, and cerebral herniation. 
Hypoxia 
Since hypoxia is a strong predictor of outcome in TBI patients, the primary 
goal in pre-hospital management is assessing the airway and ensuring adequate 
oxygenation. The percentage of blood oxygen saturation should be measured 
continuously with a pulse oximeter in pre-hospital settings (Badjatia et al., 2008). 
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Almost every guideline for pre-hospital treatment of TBI focuses on two aspects of 
the prevention and treatment of hypoxia (Table 4):   
Table 4. Guidelines for pre-hospital airway management of TBI patients 
 Intubation indicators Ventilation attentions 
The US 
(Badjatia et 
al., 2008)  
1. An airway should be established by the 
most appropriate means available in 
patients who either have severe TBI, or 
the inability to maintain an adequate 
airway, or hypoxia not corrected by 
supplemental oxygen. 
1. When endotracheal intubation is used to 
establish an airway, confirmation of placement of 
the tube in the trachea should include lung 
auscultation and end-tidal CO2 (ETCO2) 
determination. 
2. Patients should be maintained with normal 
breathing rates (-40 mmHg), and hyperventilation 
(ETCO2 <35 mmHg) should be avoided unless 
the patient shows signs of cerebral herniation.  
 
Europe 
(Piek & 
Working 
Group 
Neurosurgic
al Intensive 
Care, 1998) 
1. Initial administration of oxygen is 
mandatory in all patients with an isolated 
TBI. 
2. Patients with a GCS score of no more 
than 8 should be intubated and ventilated 
as soon as safely possible. 
3. In patients with better GCS scores and 
associated injures, the risk of acute 
hypoxia, intubation, and ventilation 
should also be considered. 
1. Artificial ventilation should be adjusted to 
achieve an arterial saturation of more than 95%. 
2. Aggressive hyperventilation should be avoided 
in the early phase of the injury. 
3. Aggressive hyperventilation can be considered 
only when signs of impending are present. 
4. If end-tidal CO2 can be measured, it should be 
kept between 30–35 mmHg in normotensive 
patients. 
5. Adequate sedation and analgesia are essential 
in patients with TBI, especially if ventilated. 
 
Australia 
(QAS, 
2011) 
1. In areas where it is available, pre-
hospital rapid sequence intubation may be 
beneficial. Intubation of patients without 
muscle relaxants, except in arrest, is 
harmful to TBI patients, and is not 
indicated. 
1. Hyper or hypoventilation of patients causing 
abnormal CO2 levels will also impair brain 
perfusion. 
 
Many studies showed that pre-hospital endotracheal intubation is associated 
with a significantly improved survival in TBI patients due to prevention of hypoxia 
and hypercapnia (Klemen & Grmec, 2006; Winchell & Hoyt, 1997). However, some 
authors argued that intubation does not improve survival, and even worsens TBI 
outcomes (D. P. Davis et al., 2005; Von Elm, Schoettker, Henzi, Osterwalder, & 
Walder, 2009; H. E. Wang, Peitzman, Cassidy, Adelson, & Yealy, 2004). The 
contrary conclusion may be due to failed or inappropriate endotracheal intubation 
(Bulger, Copass, Sabath, Maier, & Jurkovich, 2005; Klemen & Grmec, 2006) or 
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suboptimal ventilation leading to hypocapnia or hypercapnia after intubation (D. P. 
Davis, Hoyt, et al., 2003; D. P. Davis et al., 2006). 
Endotracheal intubation without the use of sedatives and muscle relaxant drugs 
elevates ICP and worsens TBI outcomes. In order to prevent this, rapid sequence 
intubation (RSI), defined as an administration after pre-oxygenation of a potent 
induction agent, followed immediately by rapidly acting neuromuscular blocking 
agents (NMBAs) to induce unconsciousness and motor paralysis for tracheal 
intubation (Walls & Murphy, 2012), was introduced in pre-hospital TBI 
management. A study from San Diego reported an overall improvement in intubation 
success rates from 39% in the non-RSI group to about 85% in the RSI group (D. P. 
Davis, Ochs, et al., 2003). In addition, pre-hospital RSI by paramedics contributes to 
better first hour survival and first day survival, better neurologic outcomes at six 
months, and shorter hospitalisation times (S. A. Bernard et al., 2010; Klemen & 
Grmec, 2006).  
Suboptimal ventilation, especially hypocapnia (PaCO2<35mmHg) caused by 
hyperventilation, is common in pre-hospital settings. According to a prospective 
observational study, 41% of intubated TBI patients were identified with 
hyperventilation and 45% had hypocapnia (Helm, Schuster, Hauke, & Lampl, 2003). 
In intubated TBI patients, those who present severe hyperventilation have 
significantly higher mortality than those without (D. P. Davis, Dunford, Ochs, Park, 
& Hoyt, 2004).   
Monitoring of ETCO2 continuously to avoid suboptimal ventilation during the 
pre-hospital period is recommended in two of the guidelines above (Badjatia et al., 
2008; Piek & Working Group Neurosurgical Intensive Care, 1998). According to a 
study, the proportion of hypo- and hyperventilation of patients with ETCO2 monitors 
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was 5.3% and 32% respectively, while the data of patients without visible ETCO2 
readings were 38% and 43% respectively (Helm et al., 2003). An improved survival 
rate and better outcomes in TBI patients with an optimal range of arrival PCO2 value 
(30–49 mmHg) is reported (D. P. Davis et al., 2006). That is to say, appropriate 
intubation and ventilation in the pre-hospital period can decrease mortality and 
improve outcome of TBI patients.  
Hypotension 
Haemorrhage following trauma decreases cardiac preload and leads to 
decreased peripheral perfusion and oxygen delivery. This is particularly important in 
TBI patients because decreased cerebral perfusion can increase the extent of 
neurological injury. Patients with hypotension not corrected in the field have a worse 
outcome than those whose hypotension is corrected by the time of their emergency 
department arrival (Chesnut et al., 1993). Therefore, patients with suspected TBI 
should be monitored in the pre-hospital settings for hypotension. Both systolic (SBP) 
and diastolic blood pressure (DBP) should be measured as often as possible using the 
most accurate method available under the circumstances (Badjatia et al., 2008). All 
of the pre-hospital guidelines of TBI management (Badjatia et al., 2008; Piek & 
Working Group Neurosurgical Intensive Care, 1998; QAS, 2011), discuss the 
appropriate resuscitation fluid for hypovolemic TBI patients, and some guidelines 
mention other details (Table 5): 
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Table 5. Guidelines for pre-hospital blood pressure management of TBI patients 
 Resuscitation fluid Other issues 
The US 
(Badjatia 
et al., 
2008) 
1. Hypotensive patients should be treated 
with isotonic fluids. 
2. Hypertonic resuscitation is a treatment 
option for TBI patients with a GCS score 
< 8. 
1. No document records 
Europe 
(Piek & 
Working 
Group 
Neurosurg
ical 
Intensive 
Care, 
1998) 
1.Isotonic solutions and colloids are 
advocated. 
2.Hypertonic saline is a therapy which is 
not generally accepted for resuscitation 
in hypovolemic TBI patients. If given, 
hypertonic saline should be followed by 
rapid infusion of colloids. 
3.Hypotonic crystalloids may worsen 
cerebral oedema. 
1. At least two large peripheral IV 
cannulas should be in place and secured. 
2. Treatment should be aimed at a systolic 
blood pressure (SBP) of more than 
120mmHg for adults. 
3. Vasopressors should be considered if 
volume replacement fails to ensure an 
adequate systemic blood pressure within 
minutes. 
Australia(
QAS, 
2011) 
1. Hypertonic saline 7.5%. 
1. Use appropriate IV fluid and control of 
haemorrhage. 
2. SBP should be kept in 100–120 mmHg. 
 
Even though isotonic crystalloid solution is the most frequently used fluid in 
the pre-hospital resuscitation of TBI (Badjatia et al., 2008), little data is published to 
support its use. On the contrary, according to a series of randomised, double-blind 
trials conducted by Vassar (Vassar, Fischer, et al., 1993; Vassar, Perry, Gannaway, & 
Holcroft, 1991; Vassar, Perry, & Holcroft, 1990, 1993), when compared with 
isotonic saline, hypertonic saline/dextran and Ringer’s lactate, the mean change in 
SBP on arrival in an emergency department is significant higher in the hypertonic 
saline group. The survival rate of this group is significantly higher than that predicted 
by the Major Trauma Outcome Study norms, 60% vs. 48%. Moreover, according to 
some studies, hypertonic saline can also decrease ICP in TBI patients (Cooper et al., 
2004). Therefore, 7.5% hypertonic saline resuscitation should be recommended 
especially for severe TBI patients.  
Cerebral Herniation 
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Since cerebral herniation can dramatically elevate the mortality of TBI, 
patients should be assessed frequently for clinical signs of cerebral herniation in the 
pre-hospital phase. The clinical signs include asymmetric, dilated, and unreactive 
pupils; extensor posturing or no response; or progressive neurologic deterioration 
(Badjatia et al., 2008). According to the pre-hospital guidelines of TBI management 
in different countries (Badjatia et al., 2008; Piek & Working Group Neurosurgical 
Intensive Care, 1998; QAS, 2011), the therapies of elevated ICP mainly include 
hyperventilation and hyperosmolar therapies (Table 6). 
Table 6. Guidelines for pre-hospital ICP management of TBI patients 
 Recommend therapy 
The US 
(Badjatia 
et al., 
2008) 
1. Mild or prophylactic hyperventilation should be avoided. 
2. Hyperventilation therapy titrated to clinical effect may be necessary for brief periods in 
cases of cerebral herniation or acute neurological deterioration. 
3. In patients who are normally ventilated, well oxygenated, and normotensive but who still 
have signs of cerebral herniation, hyperventilation should be used as a temporising measure, 
and discontinued when clinical signs of herniation have been resolved.  
4. Hyperventilation is administered as 20 breaths per minute in an adult. 
5. The goal of hyperventilation is ETCO2 of 35–35 mmHg. Capnography is the preferred 
method for monitoring ventilation. 
Europe 
(Piek & 
Working 
Group 
Neurosurg
ical 
Intensive 
Care, 
1998) 
1. Although mannitol has been shown to be effective in reducing intracranial pressure, its 
general use is not advocated during pre-hospital care. In emergency situations (dilating of a 
formerly contracted pupil) however, it can be administered (0.5–1g/kg with an infusion time 
of 10–15 min). 
2. Aggressive hyperventilation can be considered only when signs of impending cerebral 
herniation are present. 
3. The patient’s head should be elevated at a 15–30°angle. 
4. Endotracheal tubes should be secured by tapes, but the tape should not be passed around 
the neck in order to avoid compromising jugular venous return.  
Australia 
(QAS, 
2011) 
1. It is important to avoid raised ICP from impaired venous return, by ensuring constricting 
tapes, ties or collars are loosened from around the neck 
2. The patient is positioned head-up to 30° if possible. 
 
As discussed in other sections of this chapter, hyperventilation can reduce 
cerebral blood flow by causing cerebral vasoconstriction, which is the main 
mechanism for ICP reduction. Hyperventilation is proved to reduce ICP in many 
patients with cerebral edema (Lundberg, Kjallquist, & Bien, 1959). In patients who 
have concrete evidence of herniation, the benefit of hyperventilation in delaying that 
process exceeds the potentially deleterious effect. Therefore, the key to 
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hyperventilation therapy is the ability to identify those patients at risk of herniation 
and to avoid hyperventilation in those who are not at risk. 
Hyperosmolar therapy is another way to resolve cerebral herniation. Even 
though mannitol has long been proven as an effective tool for reducing ICP 
(Schwartz et al., 1984), the evidences are insufficient to support its use in pre-
hospital settings (Abel Wakai, McCabe, Roberts, & Schierhout, 2013). In addition, it 
has several limitations. Hyper-osmolality is a common problem. A serum osmolality 
greater than 320 mOsm/kgH2O is associated with adverse renal and CNS effects 
(Dormán, Sondheimer, & CadnapaphornchaI, 1990; A Wakai, Roberts, & 
Schierhout, 2007). Besides, the osmotic diuresis that accompanies mannitol 
administration may lead to hypotension especially in hypovolemic patients (White et 
al., 2006), which may worsen secondary brain injury in TBI patients. Hypertonic 
saline offers an attractive alternative to mannitol because its ability to reduce 
elevated ICP has been demonstrated with studies in the ICU and operating room (De 
Vivo et al., 2001; MUNAR et al., 2000).  But the number of human studies is 
limited, and more trials are required before appropriate recommendations can be 
made (White et al., 2006).  
To summarise, hypoxia, hypotension, and cerebral herniation are considered 
the most significant factors in initiating secondary brain injuries, and therefore, 
should be paid attention to in pre-hospital settings. The recommended strategies for 
assessment and treatment of these detrimental factors are published in many pre-
hospital TBI guidelines (Badjatia et al., 2008; Piek & Working Group Neurosurgical 
Intensive Care, 1998; QAS, 2011). 
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2.4 Pre-hospital TBI management in China 
Despite the purpose of the guidelines is to standardize TBI assessment and 
treatment, considerable variability can be found in pre-hospital TBI management all 
around the world. For example, BTF guidelines recommend pre-hospital intubation 
for every severe TBI patients (Badjatia et al., 2008), but considerable variations in 
the rates of pre-hospital intubation for severe TBI patients are reported across the US. 
There are trauma centres intubating all severe TBI patients while the median rate for 
pre-hospital intubation among centres was only 33%, and even 39% of trauma 
centres did not provide pre-hospital intubation regardless of the severity of the 
patients (Bulger et al., 2002).Since China has an increasing burden of TBI, the 
practices of TBI management in Chinese pre-hospital settings becomes more 
important and need to be reviewed. 
Chinese research papers concerning pre-hospital TBI management in China 
published from 1 January 1998 to 31 December 2013 were retrieved using the China 
National Knowledge Infrastructure (CNKI). CNKI is the largest comprehensive 
Chinese-based information database. The types of resources in CNKI include journal 
articles, newspaper articles, theses, conference papers, and books.(Jinlan Li, 2011) 
All the research papers with the Chinese characters “颅脑外伤(head injury)”, “颅脑
创伤(head trauma)”, “颅脑损伤(head damage)”, “脑外伤 (brain injury)”, “脑创伤
(brain trauma)”, “脑损伤(brain damage)”, and “院前急救(pre-hospital)” in the titles 
or as key words were included in the initial search .  
TBI is defined as an alteration in brain function, or other evidence of brain 
pathology, caused by an external force.(Menon et al., 2010) Therefore, any cerebral 
condition caused by non-trauma mechanisms is not considered as TBI. Since there 
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are no paramedics in China, the staff members in the pre-hospital care system are 
doctors, nurses, patient-carriers, and drivers.(Hou & Lu, 2005) Of this group, doctors 
play a crucial role in the pre-hospital management.(Sun, 2009) Therefore, the criteria 
for the literature search included articles that focused on (i) brain injury conditions 
caused by trauma, (ii) emergency care in the pre-hospital settings, and (iii) 
assessment and treatment practised by pre-hospital doctors. Literature that solely 
focused on paediatric patients or practices of nursing care was excluded. The 
references of the identified papers were examined to make sure that all relevant 
papers were included.  
The information relating to the assessment of oxygenation, blood pressure, and 
clinical signs of cerebral herniation, as well as the treatment of hypoxia, hypotension, 
and cerebral herniation was extracted from the identified papers. All of this 
information concerned key practices of pre-hospital TBI management and was 
discussed in previous sections above. 
The initial search identified 471 papers. According to the selection criteria, 65 
papers were included in the final review (Figure 4). All identified papers were peer-
reviewed articles (Table 7). In this review, 17 of the identified research papers 
discussed the management of all TBI patients and 48 of the papers focused only on 
severe TBI patients. An increasing trend in the number of publications during the 
time period regarding pre-hospital TBI management was revealed (Figure 5). 
Table 7. Quality of the reviewed articles 
Items Numbers of papers 
Journal 
Peer-reviewed 65 
No peer-reviewed 0 
Research design 
Case-control study 21 
Cross-sectional study 44 
Sampling strategies 
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Convenient sample 65 
Other 0 
Sample size  
0-99 TBI patients 7 
100-199 TBI patients 15 
200-299 TBI patients 13 
300-399 TBI patients 4 
400-499 TBI patients 21 
500-999 TBI patients 2 
1000-2000 TBI patients 3 
 
        
         
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 4. Flow chart of the literature screen process 
 
 
 
 
 
Potentially relevant articles 
in the initial searching  
(n=471) 
256 excluded due to irrelevant titles 
Articles after reviewing the 
titles (n=215) 
52 did not meet inclusion criteria 
according to abstract 
Articles screened by more 
detailed information (n=163) 
102 excluded (6 not TBI, 14 in-
hospital TBI management, 82 for 
nursing care) 
Articles met inclusion 
criteria (n=61) 
4 articles added by inspecting 
reference lists 
Articles included in final 
review (n=65) 
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Figure 5. Numbers of Publication in different years 
Assessment of oxygenation and treatment for hypoxia  
Among the 65 papers, 39 (60%) reported that the pre-hospital doctors assessed 
oxygenation for TBI patients in pre-hospital settings. Thirty-four (52%) assessed 
oxygenation by observing patients’ breathing while only 9 papers (14%) documented 
that they measured patients’ blood oxygen saturation. 
Almost all papers reported the pre-hospital doctors implemented airway 
management for TBI patients. In China, the most prevalent basic airway management 
was manual clearing, which was reported in 57 papers (88%) (Table 8). These 
practices included manual removal of vomit and regurgitation from the patient’s oral 
cavity, nasal cavity, and pharynx. Even though 54 papers (83%) mentioned 
endotracheal intubation, only half of them stated clearly under what circumstance 
they intubated their patients, with indications that varied across regions (Table 9). 
Nineteen of the remaining articles stated their intubation indication as “intubate TBI 
patients when necessary”. The remaining 8 papers mentioned intubation only, and 
did not give any indications. As a result, the intubation rate in China varied 
considerably (3.8%–83.3%) across regions (Table 10).   
Twenty-two papers (34%) reported that the pre-hospital doctors implemented 
artificial ventilation for TBI patients, and that most of them used bag valve mask 
devices. None of the identified papers claimed that the doctors had monitored ETCO2 
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levels during ventilation. Eleven research papers (17%) documented the use of 
respiratory stimulants for TBI patients in pre-hospital settings (Table 8). 
Assessment of blood pressure and treatment for hypotension 
Assessment of TBI patients’ blood pressure in pre-hospital settings was 
reported in 36 identified papers (55%). Almost all papers stressed the correction of 
hypotension. The most common interventions reported were haemostasis (mostly 
through applying direct pressure) (83%) and fluid resuscitation (63%). Twenty-seven 
(42%) identified papers documented the type of resuscitation fluid used for TBI 
patients. The resuscitation fluid used for TBI patients varied in Chinese pre-hospital 
settings. Among them, dextran (23%) and balanced salt solution (22%) were most 
prevalent (Table 11). 
Assessment of neurologic status and treatment for cerebral herniation 
Forty papers (62%) claimed that their pre-hospital doctors assessed TBI 
patients’ neurologic status in pre-hospital settings. Most of the papers stated that they 
detected clinical signs of cerebral herniation by observing the patients’ pupils and 
levels of consciousness, while only 8 papers (12%) documented measurement of the 
patients’ GCS scores.  
Interventions to control elevated ICP were documented by 60 identified papers 
(92%). Twenty-nine papers (45%) documented that they had administered agents to 
control ICP for all TBI patients without providing evidence that they had checked for 
the clinical signs of cerebral herniation in advance. The most common medications 
used to control ICP in Chinese pre-hospital settings were mannitol, furosemide, and 
corticosteroids (Table 12).  
Other interventions  
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Other interventions discussed by the identified papers included some 
medications and operations (Table 13). Most research papers stated that they 
prevented intracranial infection in patients with open skull fractures by preventing 
reflux of cerebrospinal fluid leaks and administering antibiotics. Reflux of 
cerebrospinal fluid leaks was prevented by raising patients’ heads for those with 
cerebrospinal rhinorrhoea, or by turning patients’ heads to the leaking side for those 
with cerebrospinal otorrhea.  
The proportion of TBI patients who died during the pre-hospital phases varied 
in the research papers. For all TBI patients, the overall case-fatality rate of TBI 
during pre-hospital phases was 4.48%, and ranged from 0% to 10.8% in different 
areas. For severe TBI patients, the overall rate was 10.4%, and rates ranged from 2.1% 
to 24.2% (Table 14). 
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              Table 8. Assessment of oxygenation and treatment for hypoxia for TBI patients in Chinese pre-hospital settings 
Intervention Number of Papers  Proportion (%) 
Assessment of oxygenation 39 60.0 
Reference: (W. Chen, Zeng, Shi, & Yan, 2011; Dong, Sun, & Wu, 2004; Du & Li, 2009; W. Guo et al., 2007; Han, Zhuang, & Qiao, 2004; Zhuangli Hu, Deng, Jiang, & Gu, 2009; 
Zhuangli Hu & Yi, 2002; H. Huang, 2011; Hui & Sun, 2009; Jin, 2007; Kong, Liu, & Liu, 2011; K. Liang, 2013; Lin, Hu, & Ye, 2001; Yongmin Liu, 2011; Yujing Liu & Yang, 2009; 
Pan, 2011; Shang, 2011; Tang, 2011; Tong & Pu, 2005; H. Wang, Zhang, & Guo, 2007; J. Wang, 2007; Wei, 2012; B. Wu, 2005; J. Xu, 2011; C. Yang, 2011; D. Yang & Chen, 2010; W. 
Yang, Liu, & Ma, 1998; Xinjiang Yang, Zhao, & Mai, 2011; Yao, Liu, & Hu, 2005; Ying, 2009; W. Zeng, 2002; X. Zeng, 2012; Y. Zeng, 2011; Kangji Zhang, 2013; Kai Zhang & Zhang, 
2010; Min Zhang, Ma, Gong, & Chu, 2010; Y. Zhao et al., 2009; Zhu, 2010; Zhuang, 2009) 
Clinical observation 34 52.3 
Reference: (W. Chen et al., 2011; Dong et al., 2004; Du & Li, 2009; Han et al., 2004; Zhuangli Hu et al., 2009; Zhuangli Hu & Yi, 2002; H. Huang, 2011; Hui & Sun, 2009; Kong et al., 
2011; Lin et al., 2001; Yongmin Liu, 2011; Yujing Liu & Yang, 2009; Pan, 2011; Shang, 2011; Tang, 2011; Tong & Pu, 2005; H. Wang et al., 2007; J. Wang, 2007; B. Wu, 2005; J. Xu, 
2011; C. Yang, 2011; D. Yang & Chen, 2010; W. Yang et al., 1998; Xinjiang Yang et al., 2011; Yao et al., 2005; Ying, 2009; W. Zeng, 2002; X. Zeng, 2012; Y. Zeng, 2011; Kangji 
Zhang, 2013; Kai Zhang & Zhang, 2010; Y. Zhao et al., 2009; Zhu, 2010; Zhuang, 2009) 
Pulse oximetry  9 13.8 
Reference: (Du & Li, 2009; W. Guo et al., 2007; Zhuangli Hu & Yi, 2002; H. Huang, 2011; Jin, 2007; K. Liang, 2013; Wei, 2012; Y. Zeng, 2011; Min Zhang et al., 2010) 
Airway management 64 98.4 
Reference: (Cai, Xiang, Lei, & Wang, 2010; B. Chen, Kan, & Chen, 2012; R. Chen, 2011; W. Chen et al., 2011; Cui, Ran, Yi, & Chen, 2004; Dong et al., 2004; Du & Li, 2009; Gao & 
Duan, 2009; Ge, Tao, & Zhu, 2010; W. Guo et al., 2007; Han et al., 2004; He & Li, 2006; Zhuangli Hu et al., 2009; Zhuangli Hu & Yi, 2002; Zongshi Hu & Zhang, 2010; Hua, 2004; A. 
Huang & Huang, 2005; H. Huang, 2011; Y. Huang, 2013; Hui & Sun, 2009; Ji et al., 2004; Jin, 2007; Kong et al., 2011; H. Li & Zhou, 2012; W. Li et al., 2005; D. Liang, 2002; K. Liang, 
2013; Liao, 2012; Lin et al., 2001; Yongmin Liu, 2011; Pan, 2011; Pi & Liao, 2005; Shang, 2011; Tang, 2011; Tong & Pu, 2005; H. Wang et al., 2007; J. Wang, 2007; Z. Wang & Li, 
2004; Wei, 2012; B. Wu, 2005; W. Wu, He, & Liang, 2007; Xia, Liu, Wang, Fan, & Lu, 2000; J. Xu, 2011; Y. Xu, 2008; C. Yang, 2011; D. Yang & Chen, 2010; Q. Yang & Du, 2005; 
W. Yang et al., 1998; Xiurong Yang, 2007; Xinjiang Yang et al., 2011; Yao et al., 2005; Ying, 2009; W. Zeng, 2002; X. Zeng, 2012; Y. Zeng, 2011; Kangji Zhang, 2013; Kai Zhang & 
Zhang, 2010; Min Zhang et al., 2010; Meizhen Zhang, Zeng, Zhang, & He, 2013; Y. Zhao et al., 2009; Zheng, 1999; Yunjing Zhou et al., 2009; Zhu, 2010; Zhuang, 2009) 
Basic 
Manual clearing  57 87.7 
Reference: (Cai et al., 2010; W. Chen et al., 2011; Cui et al., 2004; Dong et al., 2004; Du & Li, 2009; Gao & Duan, 2009; Ge et al., 2010; W. Guo et al., 2007; Han et al., 2004; He & Li, 
2006; Zhuangli Hu et al., 2009; Zhuangli Hu & Yi, 2002; Zongshi Hu & Zhang, 2010; Hua, 2004; H. Huang, 2011; Y. Huang, 2013; Hui & Sun, 2009; Ji et al., 2004; Kong et al., 2011; 
H. Li & Zhou, 2012; W. Li et al., 2005; D. Liang, 2002; K. Liang, 2013; Lin et al., 2001; Yongmin Liu, 2011; Pan, 2011; Pi & Liao, 2005; Shang, 2011; Tang, 2011; Tong & Pu, 2005; H. 
Wang et al., 2007; J. Wang, 2007; Z. Wang & Li, 2004; Wei, 2012; B. Wu, 2005; W. Wu et al., 2007; Xia et al., 2000; J. Xu, 2011; Y. Xu, 2008; C. Yang, 2011; Q. Yang & Du, 2005; W. 
Yang et al., 1998; Xiurong Yang, 2007; Xinjiang Yang et al., 2011; Yao et al., 2005; Ying, 2009; W. Zeng, 2002; X. Zeng, 2012; Y. Zeng, 2011; Kangji Zhang, 2013; Kai Zhang & 
Zhang, 2010; Min Zhang et al., 2010; Meizhen Zhang et al., 2013; Y. Zhao et al., 2009; Zheng, 1999; Yunjing Zhou et al., 2009; Zhuang, 2009) 
Suctioning  15 23.1 
Reference: (Du & Li, 2009; Gao & Duan, 2009; W. Guo et al., 2007; Zhuangli Hu et al., 2009; Zhuangli Hu & Yi, 2002; A. Huang & Huang, 2005; H. Huang, 2011; Y. Huang, 2013; 
Kong et al., 2011; D. Liang, 2002; Tang, 2011; W. Wu et al., 2007; D. Yang & Chen, 2010; W. Yang et al., 1998; Ying, 2009) 
Airway manoeuvres (head tilt chin lift; jaw thrust; cervical collar)  19 29.2 
Reference: (W. Chen et al., 2011; Du & Li, 2009; Ge et al., 2010; Hua, 2004; H. Huang, 2011; Y. Huang, 2013; Hui & Sun, 2009; Jin, 2007; H. Li & Zhou, 2012; K. Liang, 2013; Shang, 
2011; Tang, 2011; Tong & Pu, 2005; Xia et al., 2000; J. Xu, 2011; C. Yang, 2011; Q. Yang & Du, 2005; Meizhen Zhang et al., 2013; Zhuang, 2009) 
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Airway adjuncts (oropharyngeal airway, nasopharyngeal airway) 26 40.0 
Reference: (B. Chen et al., 2012; W. Chen et al., 2011; Du & Li, 2009; W. Guo et al., 2007; Han et al., 2004; Zhuangli Hu et al., 2009; Zhuangli Hu & Yi, 2002; Zongshi Hu & Zhang, 
2010; A. Huang & Huang, 2005; H. Huang, 2011; Ji et al., 2004; Kong et al., 2011; W. Li et al., 2005; D. Liang, 2002; K. Liang, 2013; Liao, 2012; Tang, 2011; Z. Wang & Li, 2004; Y. 
Xu, 2008; D. Yang & Chen, 2010; Q. Yang & Du, 2005; W. Yang et al., 1998; Yao et al., 2005; Meizhen Zhang et al., 2013; Yunjing Zhou et al., 2009; Zhuang, 2009) 
Turning patient's head to one side 27 41.5 
Reference: (Cai et al., 2010; W. Chen et al., 2011; Dong et al., 2004; Du & Li, 2009; Han et al., 2004; Zhuangli Hu et al., 2009; W. Li et al., 2005; D. Liang, 2002; K. Liang, 2013; Pan, 
2011; Shang, 2011; Tang, 2011; H. Wang et al., 2007; J. Wang, 2007; B. Wu, 2005; J. Xu, 2011; Y. Xu, 2008; D. Yang & Chen, 2010; Q. Yang & Du, 2005; W. Yang et al., 1998; Ying, 
2009; X. Zeng, 2012; Kai Zhang & Zhang, 2010; Meizhen Zhang et al., 2013; Y. Zhao et al., 2009; Yunjing Zhou et al., 2009; Zhuang, 2009) 
pulling out tongue with tongue forceps 14 21.5 
Reference: (Cui et al., 2004; Dong et al., 2004; W. Guo et al., 2007; Zhuangli Hu et al., 2009; Zhuangli Hu & Yi, 2002; Zongshi Hu & Zhang, 2010; H. Huang, 2011; Y. Huang, 2013; 
Kong et al., 2011; K. Liang, 2013; H. Wang et al., 2007; W. Yang et al., 1998; Ying, 2009; X. Zeng, 2012) 
Advanced 
Endotracheal intubation 54 83.1 
Reference: (Cai et al., 2010; B. Chen et al., 2012; R. Chen, 2011; W. Chen et al., 2011; Cui et al., 2004; Du & Li, 2009; Gao & Duan, 2009; Ge et al., 2010; W. Guo et al., 2007; Han et 
al., 2004; Zhuangli Hu et al., 2009; Zhuangli Hu & Yi, 2002; Zongshi Hu & Zhang, 2010; Hua, 2004; H. Huang, 2011; Y. Huang, 2013; Ji et al., 2004; Jin, 2007; Kong et al., 2011; W. Li 
et al., 2005; D. Liang, 2002; Liao, 2012; Lin et al., 2001; Yongmin Liu, 2011; Pan, 2011; Pi & Liao, 2005; Shang, 2011; Tang, 2011; Tong & Pu, 2005; H. Wang et al., 2007; J. Wang, 
2007; Z. Wang & Li, 2004; B. Wu, 2005; W. Wu et al., 2007; Xia et al., 2000; J. Xu, 2011; Y. Xu, 2008; C. Yang, 2011; D. Yang & Chen, 2010; Q. Yang & Du, 2005; Xiurong Yang, 
2007; Xinjiang Yang et al., 2011; Yao et al., 2005; Ying, 2009; W. Zeng, 2002; X. Zeng, 2012; Y. Zeng, 2011; Kangji Zhang, 2013; Kai Zhang & Zhang, 2010; Min Zhang et al., 2010; 
Meizhen Zhang et al., 2013; Yunjing Zhou et al., 2009; Zhu, 2010; Zhuang, 2009) 
Cricothyrotomy (needle, surgical)  9 13.8 
Reference: (Cai et al., 2010; R. Chen, 2011; Du & Li, 2009; W. Guo et al., 2007; Zhuangli Hu et al., 2009; Zhuangli Hu & Yi, 2002; Ji et al., 2004; B. Wu, 2005; D. Yang & Chen, 2010) 
Tracheotomy 3 4.6 
Reference: (R. Chen, 2011; Xia et al., 2000; D. Yang & Chen, 2010) 
Ventilation 22 33.8 
Reference: (W. Chen et al., 2011; Gao & Duan, 2009; Zhuangli Hu et al., 2009; Hua, 2004; H. Huang, 2011; Y. Huang, 2013; Ji et al., 2004; Kong et al., 2011; H. Li & Zhou, 2012; D. 
Liang, 2002; Liao, 2012; Lin et al., 2001; Tang, 2011; H. Wang et al., 2007; Z. Wang & Li, 2004; Wei, 2012; W. Wu et al., 2007; Y. Xu, 2008; W. Yang et al., 1998; W. Zeng, 2002; Zhu, 
2010; Zhuang, 2009) 
Bag valve mask (BVM) 17 26.2 
Reference: (W. Chen et al., 2011; Gao & Duan, 2009; Zhuangli Hu et al., 2009; Hua, 2004; Ji et al., 2004; Kong et al., 2011; H. Li & Zhou, 2012; D. Liang, 2002; Liao, 2012; Lin et al., 
2001; Tang, 2011; Z. Wang & Li, 2004; W. Wu et al., 2007; Y. Xu, 2008; W. Yang et al., 1998; W. Zeng, 2002; Zhuang, 2009) 
Mechanical resuscitator 6 9.2 
Reference: (Zhuangli Hu et al., 2009; H. Huang, 2011; Y. Huang, 2013; H. Wang et al., 2007; Wei, 2012; Zhu, 2010) 
Capnography 0 0 
Reference: -   
Medication 
respiratory stimulant 11 16.9 
Reference: (Ge et al., 2010; Zhuangli Hu et al., 2009; Hua, 2004; Tang, 2011; H. Wang et al., 2007; J. Wang, 2007; J. Xu, 2011; W. Yang et al., 1998; W. Zeng, 2002; Kai Zhang & 
Zhang, 2010; Zhu, 2010) 
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Table 9. Intubation indications for TBI patients in Chinese pre-hospital settings 
Indications Number of Papers  Proportion (%) 
Non-objective indications  19 29.2 
Reference: (Cai et al., 2010; Du & Li, 2009; Ge et al., 2010; Zhuangli Hu et al., 2009; Jin, 2007; W. Li et al., 2005; Liao, 2012; Yongmin Liu, 2011; Pan, 2011; Tang, 2011; Tong & Pu, 2005; H. 
Wang et al., 2007; B. Wu, 2005; J. Xu, 2011; C. Yang, 2011; Q. Yang & Du, 2005; Xinjiang Yang et al., 2011; X. Zeng, 2012; Kangji Zhang, 2013; Kai Zhang & Zhang, 2010; Yunjing Zhou et 
al., 2009) 
Hypoventilation 11 16.9 
Reference: (B. Chen et al., 2012; Zhuangli Hu et al., 2009; Y. Huang, 2013; Ji et al., 2004; D. Liang, 2002; Lin et al., 2001; Xia et al., 2000; Y. Xu, 2008; Yao et al., 2005; Y. Zeng, 2011; 
Zhuang, 2009)
Respiratory rate < 10/min 1 1.5 
Reference: (Tang, 2011)
Respiratory arrest 4 6.2 
Reference: (Han et al., 2004; Zhuangli Hu et al., 2009; Y. Xu, 2008; Zhuang, 2009)
Severe airway obstruction  8 12.3 
Reference: (W. Chen et al., 2011; Gao & Duan, 2009; W. Guo et al., 2007; Zhuangli Hu & Yi, 2002; Zongshi Hu & Zhang, 2010; H. Huang, 2011; Kong et al., 2011; W. Wu et al., 2007) 
Vomiting 5 7.7 
Reference: (Gao & Duan, 2009; Kong et al., 2011; D. Liang, 2002; W. Wu et al., 2007; Y. Zeng, 2011)
Coma 5 7.7 
Reference: (Gao & Duan, 2009; Kong et al., 2011; W. Wu et al., 2007; Ying, 2009; Y. Zeng, 2011)
Cardiac arrest 6 9.2 
Reference: (Cui et al., 2004; Zhuangli Hu et al., 2009; Pi & Liao, 2005; Shang, 2011; Xiurong Yang, 2007; Min Zhang et al., 2010)
Chest injury 1 1.5 
Reference: (Xia et al., 2000)
Overall 46 70.8 
Reference: (Cai et al., 2010; B. Chen et al., 2012; W. Chen et al., 2011; Cui et al., 2004; Du & Li, 2009; Gao & Duan, 2009; Ge et al., 2010; W. Guo et al., 2007; Han et al., 2004; Zhuangli Hu et 
al., 2009; Zhuangli Hu & Yi, 2002; Zongshi Hu & Zhang, 2010; H. Huang, 2011; Y. Huang, 2013; Ji et al., 2004; Jin, 2007; Kong et al., 2011; W. Li et al., 2005; D. Liang, 2002; Liao, 2012; Lin 
et al., 2001; Yongmin Liu, 2011; Pan, 2011; Pi & Liao, 2005; Shang, 2011; Tang, 2011; Tong & Pu, 2005; B. Wu, 2005; W. Wu et al., 2007; Xia et al., 2000; J. Xu, 2011; Y. Xu, 2008; C. Yang, 
2011; Q. Yang & Du, 2005; Xiurong Yang, 2007; Xinjiang Yang et al., 2011; Yao et al., 2005; Ying, 2009; X. Zeng, 2012; Y. Zeng, 2011; Kangji Zhang, 2013; Kai Zhang & Zhang, 2010; Min 
Zhang et al., 2010; Yunjing Zhou et al., 2009; Zhuang, 2009)
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  Table 10. Intubation rate in TBI patients in Chinese pre-hospital settings 
Intubation rate (%) Sample size Reference 
For all TBI patients a  
29.5 105 (J. Wang, 2007) 
7.1 437 (Kai Zhang & Zhang, 2010) 
3.8 418 (Du & Li, 2009) 
Overall a    8.1 960 - 
 For severe TBI patients b 
83.3 30 (B. Chen et al., 2012) 
47.9 194 (Hua, 2004) 
18.7 316 (Tong & Pu, 2005) 
18.0 89 (H. Huang, 2011) 
17.2 1268 (Ji et al., 2004) 
13.5 385 (Lin et al., 2001) 
5.9 202 (Pi & Liao, 2005) 
Overall b  19.1 2484 - 
 a Data come from papers talking about pre-hospital management for all TBI patients 
 b Data come from papers talking about pre-hospital management for severe TBI patients 
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Table 11. Assessment and treatment for hypotension for TBI patients in Chinese pre-hospital settings 
Interventions Number of  
 Papers  
Proportion 
(%) 
Assessment of blood pressure 
Blood pressure monitoring 36 55.4 
Reference: (B. Chen et al., 2012; W. Chen et al., 2011; Cui et al., 2004; Dong et al., 2004; Gao & Duan, 2009; Han et al., 2004; He & Li, 2006; Zhuangli Hu et al., 2009; Hua, 2004; H. 
Huang, 2011; Y. Huang, 2013; Hui & Sun, 2009; Kong et al., 2011; H. Li & Zhou, 2012; Lin et al., 2001; Yongmin Liu, 2011; Pan, 2011; Pi & Liao, 2005; Shang, 2011; Tang, 2011; Tong & 
Pu, 2005; H. Wang et al., 2007; Wei, 2012; B. Wu, 2005; J. Xu, 2011; C. Yang, 2011; D. Yang & Chen, 2010; W. Yang et al., 1998; Xinjiang Yang et al., 2011; Yao et al., 2005; X. Zeng, 
2012; Y. Zeng, 2011; Kangji Zhang, 2013; Y. Zhao et al., 2009; Zhu, 2010; Zhuang, 2009)
Treatment for hypotension  62 95.4 
Reference: (Cai et al., 2010; B. Chen et al., 2012; R. Chen, 2011; W. Chen et al., 2011; Cui et al., 2004; Dong et al., 2004; Gao & Duan, 2009; Ge et al., 2010; W. Guo et al., 2007; Han et al., 
2004; He & Li, 2006; Zhuangli Hu et al., 2009; Zhuangli Hu & Yi, 2002; Zongshi Hu & Zhang, 2010; Hua, 2004; A. Huang & Huang, 2005; H. Huang, 2011; Y. Huang, 2013; Hui & Sun, 
2009; Ji et al., 2004; Jin, 2007; Kong et al., 2011; H. Li & Zhou, 2012; D. Liang, 2002; K. Liang, 2013; Liao, 2012; Lin et al., 2001; Yongmin Liu, 2011; Yujing Liu & Yang, 2009; Pan, 
2011; Pi & Liao, 2005; Shang, 2011; Tang, 2011; Tong & Pu, 2005; H. Wang et al., 2007; J. Wang, 2007; Z. Wang & Li, 2004; Wei, 2012; B. Wu, 2005; W. Wu et al., 2007; Xia et al., 2000; 
J. Xu, 2011; Y. Xu, 2008; C. Yang, 2011; D. Yang & Chen, 2010; Q. Yang & Du, 2005; W. Yang et al., 1998; Xiurong Yang, 2007; Xinjiang Yang et al., 2011; Yao et al., 2005; Ying, 2009; 
W. Zeng, 2002; X. Zeng, 2012; Y. Zeng, 2011; Kangji Zhang, 2013; Kai Zhang & Zhang, 2010; Min Zhang et al., 2010; Y. Zhao et al., 2009; Zheng, 1999; Yunjing Zhou et al., 2009; Zhu, 
2010; Zhuang, 2009)
Haemostasis 54 83.1 
Reference: (Cai et al., 2010; B. Chen et al., 2012; R. Chen, 2011; W. Chen et al., 2011; Cui et al., 2004; Dong et al., 2004; Gao & Duan, 2009; Ge et al., 2010; W. Guo et al., 2007; Han et al., 
2004; He & Li, 2006; Zhuangli Hu et al., 2009; Zhuangli Hu & Yi, 2002; Zongshi Hu & Zhang, 2010; Hua, 2004; A. Huang & Huang, 2005; Y. Huang, 2013; Hui & Sun, 2009; Ji et al., 
2004; Jin, 2007; Kong et al., 2011; H. Li & Zhou, 2012; D. Liang, 2002; K. Liang, 2013; Liao, 2012; Lin et al., 2001; Yongmin Liu, 2011; Pan, 2011; Pi & Liao, 2005; Shang, 2011; Tang, 
2011; Tong & Pu, 2005; H. Wang et al., 2007; Wei, 2012; B. Wu, 2005; W. Wu et al., 2007; Xia et al., 2000; Y. Xu, 2008; C. Yang, 2011; D. Yang & Chen, 2010; Q. Yang & Du, 2005; 
Xiurong Yang, 2007; Xinjiang Yang et al., 2011; Yao et al., 2005; Ying, 2009; X. Zeng, 2012; Y. Zeng, 2011; Kangji Zhang, 2013; Min Zhang et al., 2010; Y. Zhao et al., 2009; Zheng, 1999; 
Yunjing Zhou et al., 2009; Zhu, 2010; Zhuang, 2009)
Fluid resuscitation 41 63.1 
Reference: (Cai et al., 2010; B. Chen et al., 2012; R. Chen, 2011; W. Chen et al., 2011; Cui et al., 2004; Gao & Duan, 2009; Ge et al., 2010; W. Guo et al., 2007; Zhuangli Hu et al., 2009; 
Zhuangli Hu & Yi, 2002; Hua, 2004; H. Huang, 2011; Y. Huang, 2013; Hui & Sun, 2009; Kong et al., 2011; H. Li & Zhou, 2012; D. Liang, 2002; K. Liang, 2013; Liao, 2012; Yujing Liu & 
Yang, 2009; Pi & Liao, 2005; Shang, 2011; Tang, 2011; H. Wang et al., 2007; J. Wang, 2007; Z. Wang & Li, 2004; Wei, 2012; Xia et al., 2000; J. Xu, 2011; Y. Xu, 2008; C. Yang, 2011; D. 
Yang & Chen, 2010; Q. Yang & Du, 2005; W. Yang et al., 1998; Yao et al., 2005; W. Zeng, 2002; X. Zeng, 2012; Kai Zhang & Zhang, 2010; Min Zhang et al., 2010; Y. Zhao et al., 2009; 
Zhuang, 2009)
Resuscitation Fluids 27 41.5 
Reference: (R. Chen, 2011; Cui et al., 2004; Ge et al., 2010; He & Li, 2006; Zhuangli Hu et al., 2009; Hua, 2004; Y. Huang, 2013; Hui & Sun, 2009; Ji et al., 2004; H. Li & Zhou, 
2012; D. Liang, 2002; Pi & Liao, 2005; Shang, 2011; Tang, 2011; Tong & Pu, 2005; H. Wang et al., 2007; Z. Wang & Li, 2004; Y. Xu, 2008; C. Yang, 2011; D. Yang & Chen, 
2010; Xiurong Yang, 2007; Xinjiang Yang et al., 2011; Yao et al., 2005; W. Zeng, 2002; Min Zhang et al., 2010; Y. Zhao et al., 2009; Zhuang, 2009)
Dextran 15 23.1 
Reference: (R. Chen, 2011; Cui et al., 2004; Ge et al., 2010; He & Li, 2006; Zhuangli Hu et al., 2009; Hua, 2004; Pi & Liao, 2005; Tang, 2011; Tong & Pu, 2005; C. Yang, 2011; 
Xiurong Yang, 2007; Xinjiang Yang et al., 2011; W. Zeng, 2002; Y. Zhao et al., 2009; Zhuang, 2009)
Balanced salt solution (BSS) 14 21.5 
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Reference: (R. Chen, 2011; Ge et al., 2010; Zhuangli Hu et al., 2009; Hua, 2004; Y. Huang, 2013; Hui & Sun, 2009; H. Li & Zhou, 2012; Pi & Liao, 2005; Shang, 2011; H. Wang 
et al., 2007; D. Yang & Chen, 2010; Yao et al., 2005; W. Zeng, 2002; Zhuang, 2009)
Hypertonic solutions  8 12.3 
Reference: (He & Li, 2006; Ji et al., 2004; D. Liang, 2002; Tang, 2011; Z. Wang & Li, 2004; Y. Xu, 2008; D. Yang & Chen, 2010; Min Zhang et al., 2010)
Hydroxyethyl starch 5 7.7 
Reference: (Y. Huang, 2013; Shang, 2011; Tang, 2011; H. Wang et al., 2007; Y. Zhao et al., 2009)
Normal saline 2 3.1 
Reference: (C. Yang, 2011; Xinjiang Yang et al., 2011)
Freeze-dried plasma 1 1.5 
Reference: (W. Zeng, 2002) 
Vasopressors  8 12.3 
Reference: (Ge et al., 2010; Zhuangli Hu et al., 2009; Hua, 2004; Y. Huang, 2013; Kong et al., 2011; H. Li & Zhou, 2012; H. Wang et al., 2007; Zhuang, 2009)
Elevation of lower limbs 2 3.1 
Reference: (Tang, 2011; Q. Yang & Du, 2005) 
Anticholinergic  3 4.6 
Reference: (Hua, 2004; Tang, 2011; H. Wang et al., 2007)
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Table 12. Intracranial pressure management for TBI patients in Chinese pre-hospital settings 
Interventions Number of 
Papers  
Proportion 
Assessment of cerebral herniation  40 61.5 
Reference: (W. Chen et al., 2011; Dong et al., 2004; Du & Li, 2009; Ge et al., 2010; Han et al., 2004; Zhuangli Hu et al., 2009; Hua, 2004; H. Huang, 2011; Hui & Sun, 2009; Jin, 2007; Kong 
et al., 2011; H. Li & Zhou, 2012; Lin et al., 2001; Yujing Liu & Yang, 2009; Pan, 2011; Shang, 2011; Tang, 2011; Tong & Pu, 2005; H. Wang et al., 2007; J. Wang, 2007; Z. Wang & Li, 
2004; Wei, 2012; B. Wu, 2005; W. Wu et al., 2007; J. Xu, 2011; C. Yang, 2011; D. Yang & Chen, 2010; W. Yang et al., 1998; Xinjiang Yang et al., 2011; Yao et al., 2005; Ying, 2009; W. 
Zeng, 2002; X. Zeng, 2012; Y. Zeng, 2011; Kangji Zhang, 2013; Kai Zhang & Zhang, 2010; Meizhen Zhang et al., 2013; Y. Zhao et al., 2009; Zhu, 2010; Zhuang, 2009) 
Observation of pupils 34 52.3 
Reference: (W. Chen et al., 2011; Dong et al., 2004; Du & Li, 2009; Ge et al., 2010; Han et al., 2004; Zhuangli Hu et al., 2009; Hua, 2004; Hui & Sun, 2009; Jin, 2007; Kong et al., 2011; H. 
Li & Zhou, 2012; Lin et al., 2001; Yujing Liu & Yang, 2009; Pan, 2011; Shang, 2011; Tang, 2011; Tong & Pu, 2005; H. Wang et al., 2007; J. Wang, 2007; Wei, 2012; B. Wu, 2005; W. Wu 
et al., 2007; J. Xu, 2011; C. Yang, 2011; Xinjiang Yang et al., 2011; Ying, 2009; W. Zeng, 2002; X. Zeng, 2012; Y. Zeng, 2011; Kai Zhang & Zhang, 2010; Meizhen Zhang et al., 2013; Y. 
Zhao et al., 2009; Zhu, 2010; Zhuang, 2009) 
Observation of consciousness  33 50.8 
Reference: (W. Chen et al., 2011; Ge et al., 2010; Zhuangli Hu et al., 2009; Hua, 2004; Hui & Sun, 2009; Kong et al., 2011; H. Li & Zhou, 2012; Lin et al., 2001; Yujing Liu & Yang, 2009; 
Pan, 2011; Shang, 2011; Tang, 2011; Tong & Pu, 2005; H. Wang et al., 2007; J. Wang, 2007; Z. Wang & Li, 2004; Wei, 2012; B. Wu, 2005; W. Wu et al., 2007; J. Xu, 2011; C. Yang, 2011; 
D. Yang & Chen, 2010; W. Yang et al., 1998; Xinjiang Yang et al., 2011; Ying, 2009; W. Zeng, 2002; X. Zeng, 2012; Y. Zeng, 2011; Kangji Zhang, 2013; Kai Zhang & Zhang, 2010; 
Meizhen Zhang et al., 2013; Zhu, 2010; Zhuang, 2009)
Assessment of GCS score 8 12.3 
Reference: (W. Chen et al., 2011; Du & Li, 2009; H. Huang, 2011; Lin et al., 2001; Pan, 2011; B. Wu, 2005; Yao et al., 2005; Kangji Zhang, 2013)
Control intracranial pressure 60 92.3 
Reference: (Cai et al., 2010; B. Chen et al., 2012; R. Chen, 2011; Cui et al., 2004; Dong et al., 2004; Du & Li, 2009; Gao & Duan, 2009; Ge et al., 2010; W. Guo et al., 2007; Han et al., 2004; 
He & Li, 2006; Zhuangli Hu et al., 2009; Zhuangli Hu & Yi, 2002; Zongshi Hu & Zhang, 2010; Hua, 2004; A. Huang & Huang, 2005; H. Huang, 2011; Y. Huang, 2013; Hui & Sun, 2009; 
Jin, 2007; Kong et al., 2011; H. Li & Zhou, 2012; W. Li et al., 2005; D. Liang, 2002; K. Liang, 2013; Liao, 2012; Lin et al., 2001; Yongmin Liu, 2011; Yujing Liu & Yang, 2009; Pan, 2011; 
Pi & Liao, 2005; Shang, 2011; Tang, 2011; Tong & Pu, 2005; J. Wang, 2007; Z. Wang & Li, 2004; Wei, 2012; B. Wu, 2005; W. Wu et al., 2007; Xia et al., 2000; J. Xu, 2011; Y. Xu, 2008; 
C. Yang, 2011; D. Yang & Chen, 2010; Q. Yang & Du, 2005; W. Yang et al., 1998; Xiurong Yang, 2007; Xinjiang Yang et al., 2011; Ying, 2009; W. Zeng, 2002; Y. Zeng, 2011; Kangji 
Zhang, 2013; Kai Zhang & Zhang, 2010; Min Zhang et al., 2010; Y. Zhao et al., 2009; Zheng, 1999; Yunjing Zhou et al., 2009; Zhu, 2010; Zhuang, 2009)
Interventions (only implemented for patients 
with signs of cerebral herniation)  
33 50.8 
Reference: (Cai et al., 2010; B. Chen et al., 2012; R. Chen, 2011; W. Guo et al., 2007; Han et al., 2004; Zhuangli Hu et al., 2009; Zhuangli Hu & Yi, 2002; Zongshi Hu & Zhang, 
2010; A. Huang & Huang, 2005; H. Huang, 2011; Kong et al., 2011; H. Li & Zhou, 2012; W. Li et al., 2005; D. Liang, 2002; K. Liang, 2013; Liao, 2012; Yongmin Liu, 2011; 
Yujing Liu & Yang, 2009; Pan, 2011; Shang, 2011; H. Wang et al., 2007; J. Wang, 2007; B. Wu, 2005; J. Xu, 2011; Y. Xu, 2008; D. Yang & Chen, 2010; Kangji Zhang, 2013; 
Kai Zhang & Zhang, 2010; Min Zhang et al., 2010; Y. Zhao et al., 2009; Zheng, 1999; Yunjing Zhou et al., 2009; Zhu, 2010; Zhuang, 2009)
Mannitol 32 49.2 
Reference: (Cai et al., 2010; B. Chen et al., 2012; R. Chen, 2011; W. Guo et al., 2007; Han et al., 2004; Zhuangli Hu et al., 2009; Zhuangli Hu & Yi, 2002; Zongshi Hu & Zhang, 
2010; A. Huang & Huang, 2005; H. Huang, 2011; Kong et al., 2011; H. Li & Zhou, 2012; W. Li et al., 2005; D. Liang, 2002; K. Liang, 2013; Liao, 2012; Yongmin Liu, 2011; 
Yujing Liu & Yang, 2009; Pan, 2011; Shang, 2011; H. Wang et al., 2007; J. Wang, 2007; B. Wu, 2005; J. Xu, 2011; Y. Xu, 2008; D. Yang & Chen, 2010; Kangji Zhang, 2013; 
Kai Zhang & Zhang, 2010; Min Zhang et al., 2010; Y. Zhao et al., 2009; Zheng, 1999; Yunjing Zhou et al., 2009; Zhu, 2010; Zhuang, 2009)
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Frusemide 17 26.2 
Reference: (Cai et al., 2010; W. Guo et al., 2007; Zhuangli Hu et al., 2009; Zhuangli Hu & Yi, 2002; Zongshi Hu & Zhang, 2010; H. Huang, 2011; Kong et al., 2011; H. Li & 
Zhou, 2012; W. Li et al., 2005; Liao, 2012; Yujing Liu & Yang, 2009; Shang, 2011; H. Wang et al., 2007; D. Yang & Chen, 2010; Y. Zhao et al., 2009; Zhu, 2010; Zhuang, 2009)
Corticoteroids 14 21.5 
Reference: (Cai et al., 2010; Han et al., 2004; Zhuangli Hu et al., 2009; H. Huang, 2011; Kong et al., 2011; Yongmin Liu, 2011; Yujing Liu & Yang, 2009; Shang, 2011; H. Wang 
et al., 2007; D. Yang & Chen, 2010; Min Zhang et al., 2010; Y. Zhao et al., 2009; Zhu, 2010; Zhuang, 2009) 
50% Glucose Solution 3 4.6 
Reference: (Pan, 2011; B. Wu, 2005; Kangji Zhang, 2013)
Albumin 2 3.1 
Reference: (R. Chen, 2011; Y. Zhao et al., 2009)
Glycerol and fructose 1 1.5 
Reference: (R. Chen, 2011) 
Hyperventilation 1 1.5 
Reference: (B. Wu, 2005) 
Interventions (implemented for all patients)  29 44.6 
Reference: (Cui et al., 2004; Dong et al., 2004; Du & Li, 2009; Gao & Duan, 2009; Ge et al., 2010; He & Li, 2006; Zhuangli Hu et al., 2009; Hua, 2004; Y. Huang, 2013; Hui & 
Sun, 2009; Jin, 2007; Liao, 2012; Lin et al., 2001; Yujing Liu & Yang, 2009; Pi & Liao, 2005; Tang, 2011; Tong & Pu, 2005; Z. Wang & Li, 2004; Wei, 2012; W. Wu et al., 2007; 
Xia et al., 2000; C. Yang, 2011; Q. Yang & Du, 2005; W. Yang et al., 1998; Xiurong Yang, 2007; Xinjiang Yang et al., 2011; Ying, 2009; W. Zeng, 2002; Y. Zeng, 2011)
Mannitol 28 43.1 
Reference: (Cui et al., 2004; Dong et al., 2004; Du & Li, 2009; Gao & Duan, 2009; Ge et al., 2010; He & Li, 2006; Zhuangli Hu et al., 2009; Hua, 2004; Y. Huang, 2013; Hui & 
Sun, 2009; Jin, 2007; Liao, 2012; Lin et al., 2001; Yujing Liu & Yang, 2009; Pi & Liao, 2005; Tang, 2011; Tong & Pu, 2005; Z. Wang & Li, 2004; Wei, 2012; W. Wu et al., 2007; 
Xia et al., 2000; C. Yang, 2011; Q. Yang & Du, 2005; W. Yang et al., 1998; Xiurong Yang, 2007; Xinjiang Yang et al., 2011; Ying, 2009; W. Zeng, 2002; Y. Zeng, 2011) 
Frusemide 9 13.8 
Reference: (Dong et al., 2004; Du & Li, 2009; Lin et al., 2001; Tang, 2011; Z. Wang & Li, 2004; Wei, 2012; W. Yang et al., 1998; Ying, 2009; Y. Zeng, 2011)
Corticoteroids 8 12.3 
Reference: (Dong et al., 2004; Gao & Duan, 2009; Liao, 2012; Tang, 2011; Wei, 2012; W. Wu et al., 2007; W. Yang et al., 1998; Ying, 2009)
10% Glucose Solution 4 6.2 
Reference: (Cui et al., 2004; Tong & Pu, 2005; W. Yang et al., 1998; Xiurong Yang, 2007)
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   Table 13. Other interventions for TBI patients in Chinese pre-hospital settings 
Interventions Number of 
Papers  
Proportion 
(%) 
Reference 
Medications 
Sedatives 14 21.5 (Dong et al., 2004; Han et al., 2004; Hua, 2004; H. Huang, 2011; D. Liang, 
2002; Lin et al., 2001; Yongmin Liu, 2011; Tong & Pu, 2005; Q. Yang & 
Du, 2005; Yao et al., 2005; Ying, 2009; W. Zeng, 2002; Y. Zhao et al., 
2009; Zhuang, 2009) 
Analgesia 6 9.2 (Hua, 2004; Tong & Pu, 2005; W. Zeng, 2002; Kai Zhang & Zhang, 
2010Kai Zhang & Zhang, 2010; Y. Zhao et al., 2009; Zhuang, 2009) 
Naloxone 4 6.2 (B. Chen et al., 2012; R. Chen, 2011; Hua, 2004; Z. Wang & Li, 2004; Y. 
Zhao et al., 2009) 
Vasodilator 3 4.6 (Dong et al., 2004; Ying, 2009; Meizhen Zhang et al., 2013) 
Muscle relaxants 2 3.1 (Yongmin Liu, 2011; Yao et al., 2005) 
Antibiotics 2 3.1 (B. Chen et al., 2012; R. Chen, 2011) 
Sodium bicarbonate  1 1.5 (R. Chen, 2011) 
Operations 
Prevention of the reflux of cerebrospinal fluid 
leak  
23 35.4 (Cai et al., 2010; W. Chen et al., 2011; Gao & Duan, 2009; Ge et al., 2010; 
Zhuangli Hu et al., 2009; Hua, 2004; H. Huang, 2011; Y. Huang, 2013; Hui 
& Sun, 2009; Jin, 2007; Kong et al., 2011; K. Liang, 2013; Yujing Liu & 
Yang, 2009; Shang, 2011; H. Wang et al., 2007; Wei, 2012; B. Wu, 2005; 
Q. Yang & Du, 2005; Ying, 2009; W. Zeng, 2002; X. Zeng, 2012; Zhu, 
2010; Zhuang, 2009) 
Lifting head 15°-30° 12 18.5 (Dong et al., 2004; Zhuangli Hu et al., 2009; Hui & Sun, 2009; Pan, 2011; 
Tang, 2011; B. Wu, 2005; Q. Yang & Du, 2005; W. Yang et al., 1998; 
Ying, 2009; Kangji Zhang, 2013; Meizhen Zhang et al., 2013; Zhuang, 
2009) 
Ice cap 3 4.6 (Dong et al., 2004; H. Huang, 2011; H. Li & Zhou, 2012) 
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 Table 14. Case-fatality rate of TBI during pre-hospital phases in China 
 
  a Data come from papers talking about pre-hospital management for all TBI patients 
  b Data come from papers talking about pre-hospital management for severe TBI patients 
 
 
 
 
 
 
 
 
 
 
Case-fatality rate during pre-hospital period (%) Sample size Reference 
For all TBI patients a 
10.8 437 (Kai Zhang & Zhang, 
2010) 
8.1 360 (Ying, 2009) 
5.3 418 (Du & Li, 2009) 
4.4 45 (Q. Yang & Du, 2005) 
2.4 1146 (D. Yang & Chen, 2010) 
3.6 504 (Zhuang, 2009) 
3.2 597 (Tang, 2011) 
3.1 478 (Hui & Sun, 2009) 
0 30 (Jin, 2007) 
Overall a 4.48 4015 - 
For severe TBI patients b 
24.2 120 (Ge et al., 2010) 
21.6 194 (Hua, 2004) 
18.8 85 (J. Xu, 2011) 
16.1 316 (Tong & Pu, 2005) 
15.8 202 (Pi & Liao, 2005) 
15.7 483 (Yao et al., 2005) 
14.7 68 (Cai et al., 2010) 
13.1 107 (Gao & Duan, 2009) 
10.7 28 (W. Zeng, 2002) 
8.0 87 (W. Wu et al., 2007) 
6.7 134 (X. Zeng, 2012) 
6.3 126 (Pan, 2011) 
5.7 265 (Y. Zeng, 2011) 
5.7 985 (Kong et al., 2011) 
4.3 94 (Kangji Zhang, 2013) 
4.2 24 (Yujing Liu & Yang, 
2009) 
2.5 160 (Z. Wang & Li, 2004) 
2.2 89 (H. Huang, 2011) 
2.1 97 (Xia et al., 2000) 
Overall b     10.4 3664 - 
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Existing evidence has shown that China has a higher proportion of severe TBI 
compared to other countries, suggesting that the country could have sub-optimal 
management of TBI in pre-hospital settings. This literature review presented the 
current situation of pre-hospital management of TBI in China, including problems in 
the management of oxygenation, blood pressure, and ICP in TBI patients.  
Oxygenation, airway, and ventilation 
Hypoxia is independently associated with significant increases in morbidity 
and mortality in cases of severe TBI.(Chesnut et al., 1993) Evidence-based 
guidelines published by BTF suggested the continuous measurement of oxygen 
saturation in pre-hospital settings.(Badjatia et al., 2008) However, only 9 papers 
documented the measurement of oxygen saturation for TBI patients (Table 8). As a 
result, hypoxia cannot be promptly identified and the efficiency of airway 
management cannot be evaluated in many Chinese pre-hospital settings. 
Many papers provided options for airway management (Table 8). Among them, 
practices such as turning the patient’s head to one side if the patients were vomiting, 
and pulling out the patient’s tongue with tongue forceps were prevalent in Chinese 
pre-hospital settings. However, these practices were not commonly mentioned in 
literature from other countries. In addition, most of the reviewed papers did not offer 
clear and appropriate indications for their airway management practices. For example, 
only 27 identified papers provided detailed objective indications for TBI intubation, 
and most were not aggressive enough when compared with the guidelines.(Piek & 
Working Grp Neurosurgical Intensive Care, 1998) As a result, the overall intubation 
rate among severe TBI patients in China was 19.1%, which was far less than that of 
the US (43.0%).(Bulger et al., 2002) Unclear and improper indications may lead to 
suboptimal practice in pre-hospital settings. According to one study in Hubei 
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Province, China (Ma, Xi, Zhai, Wang, & Li, 2001), 51.6% of severe TBI patients 
were suffering from airway obstruction on arrival, and 69.0% of them could not get 
enough oxygen because of airway obstruction or inadequate pre-hospital oxygen 
supplements.  
Some researchers pointed out that failed or inappropriate intubation without the 
use of sedatives and muscle relaxant drugs during intubation may worsen TBI 
outcomes.(Bulger et al., 2005; Von Elm et al., 2009) Therefore, RSI, which is 
defined as an administration of an induction agent followed by neuromuscular 
blocking agents (NMBA) to induce unconsciousness and motor paralysis for tracheal 
intubation(Walls & Murphy, 2012), is recommended for pre-hospital TBI 
management.(Badjatia et al., 2008; QAS, 2011) However, none of these 65 research 
papers mentioned administration of NMBAs during intubation. 
Suboptimal ventilation, especially hypocapnia caused by hyperventilation, is 
common in pre-hospital settings.(Helm et al., 2003) Intubated TBI patients who 
present with severe hyperventilation have significantly higher mortality rates than 
those without hyperventilation.(D. P. Davis et al., 2004) Therefore, monitoring 
ETCO2 continuously to avoid suboptimal ventilation during pre-hospital phases is 
recommended.(Badjatia et al., 2008; Piek & Working Grp Neurosurgical Intensive 
Care, 1998) Only 22 papers (34%) reported ventilation for TBI patients and none of 
them monitored ETCO2 in pre-hospital settings (Table 8). Only one article stated in 
the discussion section that  routine hyperventilation should be avoided in TBI 
patients.(Yao et al., 2005)  
Hypotension and fluid resuscitation  
Patients with hypotension not corrected in the field had a worse outcome than 
those whose hypotension was corrected by the time of emergency department 
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arrival.(Chesnut et al., 1993) BTF suggests that patients with suspected TBI should 
be monitored in pre-hospital settings for hypotension.(Badjatia et al., 2008)  
However, less than half of the Chinese papers documented the measurement of blood 
pressure for TBI patients in pre-hospital settings (Table 11).  
For the treatment of hypotension, BTF suggests that every hypotensive patient 
should be treated with isotonic fluids.(Badjatia et al., 2008) Current reviews 
suggested that only 60% of the identified papers reported they had used resuscitation 
fluid for their TBI patients. Among those papers which did not document the use of 
resuscitation fluid, 46% (11 out of 24 papers) said they administered mannitol or 
furosemide to all of their TBI patients.(Dong et al., 2004; Du & Li, 2009; He & Li, 
2006; Jin, 2007; Lin et al., 2001; Tong & Pu, 2005; W. Wu et al., 2007; Xiurong 
Yang, 2007; Xinjiang Yang et al., 2011; Ying, 2009; Y. Zeng, 2011) This situation 
may indicate a trend of overtreatment of cerebral herniation, and in turn, ignorance of 
the adverse effect of hypotension on TBI patients in some Chinese pre-hospital 
settings.  
Evidence showed that hypertonic saline is more effective in correcting 
hypovolemia when compared with hypertonic saline/dextran (HSD) and Ringer’s 
lactate.(Vassar, Perry, et al., 1993) Moreover, hypertonic saline can also decrease 
ICP in TBI patients.(Cooper et al., 2004) Hypertonic saline (7.5%) resuscitation is 
recommended by the guidelines.(Badjatia et al., 2008; QAS, 2011) In China, the use 
of hypertonic saline is not widespread. Only 8 papers (12%) reported the use of 
hypertonic saline in pre-hospital settings (Table 11).  
Cerebral herniation 
Since cerebral herniation can dramatically elevate mortality in TBI, these 
patients’ clinical signs of cerebral herniation should be assessed frequently in pre-
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hospital phases.(Badjatia et al., 2008) In particular, the GCS is a significant and 
reliable indicator of the severity of TBI, and it can help to identify improvement or 
deterioration in neurological status through repeated measurements.(Badjatia et al., 
2008) Even though 40 Chinese papers (62%) stated that they assessed the signs of 
cerebral herniation for TBI patients, only 8 (12%) documented the measurement of 
GCS scores for TBI patients in pre-hospital settings (Table 12). A lack of GCS 
assessment may reduce awareness of the change of neurologic status in TBI patients 
and relevant interventions may be delayed. 
Hyperventilation is the main therapy recommended to control elevated 
ICP.(Badjatia et al., 2008) In China, practice of hyperventilation was only reported 
by one of the identified papers.(B. Wu, 2005) Although mannitol has long been 
proven as an effective tool for reducing ICP, there is no evidence to support its use in 
pre-hospital settings.(Badjatia et al., 2008) In addition, the osmotic diuresis that 
accompanies mannitol administration may lead to hypotension, especially in 
hypovolemic patients, and may worsen secondary brain injury in TBI patients.(White 
et al., 2006) However, this review found that 60 identified papers (92%) used 
mannitol to control ICP in pre-hospital settings. Twenty-eight papers (43%) even 
reported that they administered mannitol to all of their TBI patients (Table 12)  
Even though the use of corticosteroids in pre-hospital settings has been proven 
harmful for TBI patients,(Roberts et al., 2004) 22 papers (34%) reported the use of 
corticosteroids (Table 12). Similarly, albumin was associated with higher mortality 
rates than normal saline (RR=1.63) in TBI,(A. M. Lam, Winn, Cullen, & Sundling, 
1991; Myburgh et al., 2007) but it is popular in Chinese pre-hospital settings.  
Other interventions 
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Guidelines indicated that adequate sedation and analgesia were essential in TBI 
patients, especially if they were ventilated.(Piek & Working Grp Neurosurgical 
Intensive Care, 1998) In China, the use of sedation and analgesia were only reported 
by 14 (22%) and 6 identified papers (9%) respectively.  
Hypertension in TBI patients is usually caused by inadequate sedation and 
analgesia, and vasodilating agents should be avoided in TBI patients since these may 
cause fatal hypotension.(Piek & Working Grp Neurosurgical Intensive Care, 1998) 
Three of the identified papers reported the use of vasodilating agents for TBI patients. 
The agents used were sodium nitroprusside, nifedipine, and reserpine.(Dong et al., 
2004; Ying, 2009; Meizhen Zhang et al., 2013) These agents may worsen secondary 
brain injury and lead to a poor prognosis for TBI patients. 
Other medications such as naloxone and sodium bicarbonate, and practices 
such as the prevention of reflux of cerebrospinal fluid leak and ice cap were not 
commonly reported in the pre-hospital TBI guidelines from other countries. More 
research needs to be done to determine if these practices are appropriate in pre-
hospital TBI management.   
In summary, we found problems in the current practices of pre-hospital TBI 
management in China. This suboptimal pre-hospital emergency management may be 
the reason for the high proportion of poor outcomes in TBI in China.   
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CHAPTER 3: RESEARCH DESIGN 
This chapter describes the methodology and research design, participant 
details, the instrument, the process of data collection, data analysis, and ethics. 
3.1 Methodology and Research Design 
This study aimed to describe doctors’ practices and knowledge level of pre-
hospital TBI management in Hubei Province, China, and to explore the influencing 
factors. The study design is a cross-sectional survey.  
As discussed earlier, the emergency medical centre is an organisation that is in 
charge of the EMS system in China. Since the Chinese government does not invest 
enough money in the EMS system, many emergency medical centres cannot  employ 
sufficient full-time doctors to provide EMS for patients. In order to solve this 
problem, many types of pre-hospital management models have developed in different 
areas in China, including one of cooperation between ED and emergency medical 
centres (Jinnian Li & Pei, 2006; H. Zhou, Huang, Xu, & Zhao, 2005).  
In Hubei province, emergency medical centres also cooperate with local EDs in 
hospitals. Ambulances are parked at cooperative EDs, and when an accident occurs 
near The ED, the emergency medical centre orders the ED doctors to provide EMS 
(Yong Zhou & Jiang, 2014). Because of this arrangement, a questionnaire survey 
was conducted among a sample of pre-hospital doctors from two emergency medical 
centres and their cooperating EDs in Hubei Province, China. A quantitative approach 
was used in this study to measure the practices and knowledge level of pre-hospital 
doctors in TBI management, and to explore influencing factors.  
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3.2 Participants 
As discussed in the introduction, there is no paramedic profession in China 
(Hou & Lu, 2005), and doctors play a crucial role in EMS (Sun, 2009). Therefore, 
this study only investigated doctors providing EMS.  
Because of funding limitations, this study was conducted among a convenience 
sample drawn from two accessible and large emergency medicine centres in Hubei 
Province—Wuhan Emergency Medical Centre and Xiangyang Emergency Medical 
Centre, and their cooperative EDs. Thirty and 26 pre-hospital doctors worked in 
Wuhan and Xiangyang respectively (Wuhan Emergency Medical Center, 2012; 
Xiangyang Emergency Medical Centre, 2014). The research team expected that 10% 
of doctors might refuse to answer the questionnaire. Therefore, the possible sample 
size was estimated at 49.  
3.3 Instrument 
Since the civilian ambulance paramedic has existed for more than one hundred 
years in Australia, the profession is more advanced in many respects than many other 
countries, particularly in terms of its practitioners’ educational underpinnings 
(Chilton, 2012).  
Therefore, a multiple-choice questionnaire was originally developed according 
to a set of Australian pre-hospital clinical practice guidelines by the researcher 
(Appendix A) (QAS, 2011). Then the first draft of the questionnaire was sent to two 
Australian epidemiologists to check the structure of the survey and potential factors 
and a Chinese neurosurgeon to check the content specific to the guideline . After 
revised according to the feedbacks of the epidemiologists and neurosurgeon, the 
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second draft of the questionnaire was sent to two Chinese pre-hospital doctors as a 
pilot test who then completed the questionnaire and gave some further feedbacks 
according to their practical experiences. After revision, the third draft was then sent 
to the same epidemiologists and neurosurgeon and a few more revisions were made.   
The final questionnaire (Appendix B) included three sections:  
- Demographic information: basic information such as age, gender, educational 
level, clinical experience (years working as emergency doctors), professional 
title, organisation (emergency medicine centre or emergency department), 
speciality (prior to commencing emergency medicine), and training program.  
- External barriers: barriers that may affect doctors’ practices in pre-hospital 
settings, such as timely arrival, optimal treatment, and smooth handover from 
pre-hospital to ED.  
- Pre-hospital TBI management: This section comprised three parts: TBI 
identification, assessment, and treatment. In total, 19 questions asked whether 
participants could use proper strategies to manage TBI patients in pre-
hospital settings.  
3.4 Procedure of data collection 
Wuhan Emergency Medical Centre employed 120 staff, including one director, 
three vice-directors, 30 doctors (full-time and part-time), 34 nurses, 42 drivers, and 
14 dispatchers. It administers the EMS for all the Wuhan residents (Wuhan 
Emergency Medical Center, 2012). Xiangyang Emergency Medical Centre employed 
108 staff, including one director, two vice-directors, 26 doctors (full-time and part-
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time), 37 nurses, 30 drivers, and 12 dispatchers (Xiangyang Emergency Medical 
Centre, 2014). It administers the EMS for all the 5.5million residents in Xiangyang. 
The pre-hospital doctors working in the two selected emergency medicine 
centres meet once a month. After their routine meeting, the researcher gave a five-
minute presentation describing this investigation. After the presentation, the 
researcher handed out questionnaires to all of the doctors. Then, the researcher put a 
red, secured drop-box in the meeting room. The drop-box was locked and only the 
researcher could open it. Fifty blank envelopes were placed beside the drop box, and 
posters with the information about this research and about how, when, and where to 
submit the completed questionnaire were displayed on the wall of the meeting room 
and of the doctors’ tea room. The posters remained on the walls for ten working days 
(Wuhan: 01/07/2014–15/07/2014; Xiangyang: 28/07/2014–11/08/2014).  
In order to minimise the interruption of the doctors’ work, the researcher 
offered them ten working days to complete the questionnaire. They were invited to 
fill out the questionnaire at a convenient time and in a quiet place. The doctors were 
asked to complete the questionnaire anonymously and then put their completed 
questionnaire into a blank envelope and put the envelope into the secured drop-box.  
After ten working days, the researcher returned to collect the drop-box and 
remove the posters. Those who had not handed in their questionnaires were regarded 
as refusing to participate in this investigation. 
3.5 Data analysis 
The data were initially entered into Microsoft Excel. To minimise data entry 
errors, the data were entered twice and compared afterwards. Then, the data set were 
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imported into IBM SPSS Statistics 21. All variables, along with their description and 
coding methods, are outlined in Appendix C. 
The following statistical procedures were used for analysis: 
- Score calculation: the rules of score calculation for each question in pre-
hospital TBI management are presented in Appendix C. 
The questionnaire included 19 questions in the TBI management section. It 
consisted of three domains: TBI identification, TBI assessment, and TBI 
treatment. The full mark for each question was set as one point. Each domain 
contained a different number of questions (4 questions about TBI 
identification, 5 about TBI assessment, and 10 about TBI treatment). The 
average score (rather than the sum) of each domain was calculated in order to 
give each domain equal weighing. The average score of the overall 19 
questions were also calculated.  
- Description of variables: ‘Frequencies’ in IBM SPSS Statistics 21 was used 
to describe doctors’ demographic characteristics, typical questions about 
practices and knowledge in TBI management, and external barriers. ‘Explore’ 
was used to describe the score of doctors’ practices and knowledge levels in 
TBI management. 
- Statistical test: the dependent variables in this study were continuous 
variables. They were the overall score of Section 3 and the scores of each 
domain in Section 3. Independent variables were categorical variables. They 
were the different factors of demographic information in section 1. Therefore, 
independent-samples t-test or one-way ANOVA was used to discover 
differences of mean scores between different demographic groups. 
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- Regression model: in order to identify the demographic factors that were 
associated with the scores in TBI management, demographic factors that were 
significant in statistical tests were added into general linear regression. 
3.6 Ethics  
The research did not involve the use of biological, microbiological, or 
biochemical materials. It was a negligible study because: 
- The participants in the research were all adult, qualified, pre-hospital 
doctors.  
- Their participation was totally voluntary. They could refuse to 
participate and could withdraw from participation at any time without 
any negative effects on their work and life.  
- Participants would only be asked to complete an anonymous and 
relatively short (about 15–20 minutes to complete) questionnaire at a 
convenient time and place.  
- The questionnaire only asked for the doctors’ demographic information 
and their knowledge of pre-hospital TBI management. No ‘sensitive’ 
questions were asked.  
- There was almost no risk or harm to participants in answering the 
questions. The only foreseeable risk was the inconvenience in filling 
out the questionnaire form.  
The research was approved by QUT University Human Research Ethics 
Committee as a human negligible-low risk study on 2 June 2014 (Approval number: 
1400000349). A copy of the approval certificate is provided in Appendix D. 
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This research was also approved by the University Research Ethics Committee 
of Hainan Medical University (Appendix E). 
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CHAPTER 4: RESULTS 
This chapter presents in detail the results of the research. The demographic 
information of participants is presented first. Then, participants’ average scores in 
pre-hospital TBI management are presented. This section also selects several typical 
questions that reflect some suboptimal aspects of TBI management in the study 
catchment. Next, factors that could influence Chinese pre-hospital doctors’ practices 
and knowledge levels in TBI management are demonstrated. The external barriers 
that could influence the practices of TBI management in Chinese pre-hospital 
settings are described last.  
4.1 Descriptive analysis of demographic data 
Participants: A total of 56 questionnaires were handed out and 52 (92.86%) 
were returned. 
Of the sample of 52 pre-hospital doctors, 30 (57.7%) were from Wuhan and 22 
(42.3%) were from Xiangyang (Table 15). Thirty-six of the participants (69.2%) 
were between 30 and 39 years old, eight (15.4%) were younger than 30, and the 
other eight (15.4%) were older than 39 years. There were 41 male participants 
(78.8%) and the other 11 (21.2%) were female. Thirty-seven doctors (71.2%) had a 
bachelor’s degree or lower, and 12 (23.1%) had a master’s degree or higher. Three of 
the participants (5.8%) did not report their highest qualifications. Twenty-one of the 
participants (40.4%) had provided emergency medicine care for less than three years, 
and 30 (57.7%) had provided emergency medicine care for three years or longer. One 
participant (1.9%) did not report their length of service. Twenty-eight of the 
participants (53.8%) had a professional title of resident or lower (including assistant 
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doctors without the medical licence), and 23 (44.2%) were attending doctors or 
higher. One participant (1.9%) did not report their professional title. The number of 
doctors who worked as full-time pre-hospital doctors for emergency medicine 
centres was 33 (63.5%), while the remaining 19 doctors (36.5%) worked in EDs and 
would provide EMS if they were needed. Sixteen of the doctors (30.8%) formerly 
practiced internal medicine and 20 (38.5%) formerly practiced surgery before they 
undertook EMS. Sixteen other doctors (30.8%) worked as pre-hospital doctors 
immediately after they graduated from medical school. Eleven doctors (21.2%) 
reported that they never received any training for pre-hospital TBI management. 
Thirty-two (61.5%) claimed that they had one training session on TBI management 
before they started to provide pre-hospital care, and nine doctors (17.3%) had regular 
training sessions during their practice. The demographic information is listed in 
Table 15. 
Table 15. Frequency distribution of demographic data of pre-hospital doctors in Wuhan city 
and Xiangyang city, China 
Characteristics Frequency Percentage 
City (N=52/52)   
Wuhan City 30 57.7% 
Xiangyang City 22 42.3% 
Age (yr) (N=52/52)   
<30 8 15.4% 
30–39 36 69.2% 
≥40 8 15.4% 
Gender (N=52/52)   
Male 41 78.8% 
Female 11 21.2% 
Education level (N=49/52)   
Bachelor’s or lower 37 71.2% 
Master’s or higher 12 23.1% 
Clinical Experience (Emergency Medicine) (N=51/52)  
<3 years 21 40.4% 
≥3 years 30 57.7% 
Professional Title (N=51/52)   
Residency or lower 28 53.8% 
Attending or higher 23 44.2% 
Organisation (N=52/52)   
Emergency centre 33 63.5% 
Emergency department 19 36.5% 
Specialty before pre-hospital care (N=52/52)  
Internal medicine 16 30.8% 
Surgery  20 38.5% 
No specialty before 16 30.8% 
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Training Frequency (TBI management) (N=52/52)  
Never 11 21.2% 
One time 32 61.5% 
Regular  9 17.3% 
 
4.2 Practices and knowledge levels of doctors in pre-hospital TBI management 
The questionnaire included 19 questions in the TBI management section and 
consisted of three domains: TBI identification, TBI assessment, and TBI treatment. 
The full mark for each question was set as one point.  
The average score of pre-hospital TBI management was 0.69 ± 0.08 (Table 
16). It indicated that participants could correctly answer 69% of the questions 
regarding TBI management in the questionnaire. Participants received the lowest 
score in TBI treatment (0.64 ± 0.08) and the highest score in TBI assessment (0.80 ± 
0.14). 
      Table 16. Personal factors influencing TBI management using hypothesis testing 
Characteristics 
Management of Traumatic Brain Injury 
scores Overall  
Mean (±SD) Identification 
Mean (±SD)# 
Assessment 
Mean (±SD)# 
Treatment 
Mean (±SD)# 
Average score 0.68 (0.11) 0.80 (0.14) 0.64 (0.08) 0.69 (0.08) 
City (N=52/52)     
Wuhan City 0.67 (0.10) 0.81 (0.13) 0.64 (0.08) 0.69 (0.07) 
Xiangyang City 0.69 (0.13) 0.80 (0.15) 0.65 (0.09) 0.70 (0.09) 
p value 0.475 0.868 0.410 0.552 
Age (yr) (N=52/52)     
<30 0.63 (0.11) 0.84 (0.09) 0.62 (0.08) 0.68 (0.07) 
30–39 0.69 (0.11) 0.81 (0.14) 0.64 (0.08) 0.70 (0.08) 
≥40 0.68 (0.10) 0.76 (0.17) 0.65 (0.11) 0.69 (0.11) 
p value 0.406 0.535 0.690 0.936 
Gender (N=52/52)     
Male 0.69 (0.11) 0.81 (0.14) 0.65 (0.08) 0.70 (0.08) 
Female 0.63 (0.11) 0.80 (0.15) 0.63 (0.10) 0.67 (0.09) 
p value 0.147 0.828 0.589 0.400 
Education level (N=49/52) 
Bachelor’s or below 0.65 (0.10)* 0.82 (0.13) 0.63 (0.08) 0.69 (0.07) 
Master’s or above 0.75 (0.10) 0.78 (0.19) 0.67 (0.10) 0.71 (0.10) 
p value 0.010 0.513 0.158 0.363 
Clinical experience (emergency medicine) (N=51/52)
<3 years 0.68 (0.13) 0.81 (0.18) 0.61 (0.09) 0.68 (0.10) 
≥3 years 0.67 (0.09) 0.80 (0.11) 0.67 (0.07) 0.70 (0.06) 
p value 0.691 0.830 0.056 0.455 
Professional title (N=51/52)
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Residency or below 0.66 (0.09) 0.79 (0.15) 0.62 (0.07)* 0.67 (0.08)* 
Attending or above 0.70 (0.13) 0.82 (0.12) 0.67 (0.08) 0.72 (0.08) 
p value 0.243 0.389 0.021 0.039 
Organisation (N=52/52) 
Emergency Centre 0.65 (0.12)* 0.84 (0.13)* 0.65 (0.08) 0.70 (0.08) 
Emergency Department 0.72 (0.08) 0.74 (0.14) 0.63 (0.08) 0.68 (0.08) 
p value 0.043 0.011 0.200 0.190 
Specialty before pre-hospital care (N=52/52)
Internal medicine 0.68 (0.08) 0.71 (0.16)a 0.61 (0.10) 0.65 (0.09) 
Surgery  0.67 (0.13) 0.84 (0.11)b 0.66 (0.08) 0.71 (0.08) 
No prior specialty  0.68 (0.10) 0.83 (0.13)b 0.64 (0.06) 0.70 (0.06) 
p value 0.975 0.009 0.476 0.184 
Training frequency (N=52/52) 
Never 0.68(0.07) 0.74 (0.13) 0.59 (0.09)a 0.65 (0.08)a 
One time 0.67(0.10) 0.82 (0.15) 0.64 (0.07)b 0.70 (0.07)a 
Regular  0.69(0.17) 0.84 (0.11) 0.70 (0.08)b 0.74 (0.09)b 
p value 0.965 0.232 0.002 0.022 
 
Table 17 and Table 18 list typical questionnaire items, the responses to which 
can reflect some suboptimal practices and knowledge in Chinese pre-hospital 
settings.  
In the study catchment, only 15 doctors (28.8%) continually assessed the GCS 
score of patients with suspected TBI. Of the participants, 51.9% stated that they 
seldom assessed GCS during EMS (Table 17, Q1). More than 80% of the doctors 
assessed the severity of TBI according to the state of patients’ consciousness 
(84.6%), GCS score (84.6%), and patients’ vital signs (80.8%). Twenty-two (42.3%) 
assessed TBI severity by the multi-injury situation (Table 17, Q2). More than 80% of 
the participants opened a vein channel (100%), supplied oxygen (98.1%), recorded 
an electrocardiograph (ECG) (90.4%), and stopped bleeding (80.8%) for TBI patients 
during pre-hospital practices if needed. More than 60% of the doctors loosened 
constricting tapes, ties, or collars from around patients’ necks (67.3%) and performed 
endotracheal intubation (63.5%) for TBI patients if needed. Only 3 doctors (5.8%) 
reported that they administered analgesics for patients with TBI (Table 17, Q3). 
Fourteen participants routinely administered muscle relaxants (4, 7.7%) or 
administered them when there were difficulties during intubation (10, 19.2%). The 
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other 38 participants (73.1%) seldom administered muscle relaxants because there 
were no support facilities in the ambulances, or they thought it very dangerous to use 
muscle relaxants in pre-hospital settings (Table 17, Q4). Mannitol, normal saline, and 
furosemide were the three most popular agents administered to TBI patients in this 
survey, with a percentage of 78.8%, 57.7%, and 25.0% respectively. The use of 
hypertonic saline and midazolam were separately reported by only one participant 
(Table 17, Q5). 
Table 17. Characteristics of practices of TBI management in pre-hospital settings   
Questions Frequency (%) 
1. How often do you assess Glasgow Coma Scale (GCS) score of suspected TBI patients during pre-
hospital practice? 
 I seldom assess the GCS score for TBI patients 27(51.9) 
 I always assess the GCS score for TBI patients* 15(28.8) * 
 I cannot assess the GCS score correctly  9(17.3) 
 I have never heard of the GCS score before 1(1.9) 
2. How do you assess the severity of TBI during pre-hospital practice?  
 According to the state of patient’s consciousness 44(84.6) 
 According to the GCS score 44(84.6)* 
 According to the patient’s vital signs 42(80.8) 
 According to the situation of trauma 22(42.3) 
 I never assess the severity of  TBI 1(1.9) 
 None of the above                1(1.9) 
3. What practices (if needed) do you use when  dealing with TBI patients?   
 Obtaining intravenous access * 52(100.0) * 
 Supplying oxygen * 51(98.1) * 
 Recording Electrocardiograph (ECG) *     47(90.4) * 
 Stopping bleeding* 42(80.8) * 
 Loosing trammel from around the neck* 35(67.3) * 
 Intubating endotracheal*  33(63.5) * 
 Administering analgesics* 3(5.8) * 
4. Do you administer neuromuscular blocking agents before intubation?  
 I seldom administer muscle relaxants since there are no support facilities in the 
ambulance 
38(73.1) 
 I seldom administer muscle relaxants because their administration is high risk 12(23.1) 
 I administer muscle relaxants when there are difficulties during intubation 10(19.2) 
 I routinely administer muscle relaxants before intubation for TBI patients* 4(7.7) * 
5. Which of the following agents do you often use for TBI patients in pre-hospital settings? 
 Mannitol 41(78.8) 
 Normal saline* 30(57.7) * 
 Frusemide 13(25.0) 
 Other 2(3.8) 
 Hypertonic saline*  1(1.9) * 
 Midazolam* 1(1.9) * 
*: right answer according to literatures.  
 
For the key knowledge of pre-hospital TBI management, more than 70% of the 
doctors in the study catchment claimed they would suspect TBI if they found the 
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external evidences such as altered consciousness (96.2%), vomiting and headache 
(84.6%), altered pupils (82.7%), or cerebrospinal fluid leakage (73.1%). Twenty-nine 
doctors (55.8%) would consider TBI if they found the patient with a scalp wound or 
hematoma. Twenty-four (46.2%) and 20 (38.5%) participants reported that they 
would consider TBI if dyspnea and shock, which are not specific evidences of TBI 
(Table 18, Q1), had happened to patients. It should be noted that only 27 doctors 
(51.9%) knew about the negative association between TBI severity and GCS scores 
(Table 18, Q2). Regarding TBI treatment, more than 80% of the doctors thought that 
hypoxia and hypotension should be corrected immediately (92.3% & 84.6%), and 
that an airway should be established if patients had breathing difficulties (90.4%). 
Forty-seven doctors (90.4%) claimed that 20% of mannitol should be administered to 
patients with elevated ICP (Table 18, Q3). Regarding the strategies during transfer en 
route, 48 participants (92.3%) thought it correct to turn comatose or vomiting 
patients’ heads to one side. Thirty-two doctors (61.5%) thought the TBI patients’ 
heads should be raised up 15–30 degrees (Table 18, Q4). Most of the participants 
thought they should select the hand-over hospital according to the severity of TBI, 
and send severe TBI patients to qualified hospitals (88.5%). It should be noticed that 
18 doctors (34.6%) thought they should transfer patients to the hospitals selected by 
the patients’ family. Nine (17.3%) of them thought that it was right to transfer severe 
TBI patients to a nearby hospital, regardless of the hospital ranking and speciality 
(Table 18, Q5).  
Table 18. Characteristics of doctors’ knowledge of TBI management in pre-hospital settings   
Questions Frequency (%) 
1. Which of the following symptoms are external evidences of TBI?   
 Altered consciousness*            50(96.2) * 
 Vomiting and headache*               44(84.6) * 
 Altered pupils*              43(82.7) * 
 Cerebrospinal fluid leakage* 38(73.1) * 
 Scalp wound or hematoma*                      29(55.8) * 
 Dyspnea 24(46.2) 
 Shock 20(38.5) 
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 Agitation      4(7.7) 
 Limb fracture                    0(0) 
 abdominal pain 0(0) 
2. Which of the following statement is correct?  
 The higher GCS score is, the milder the TBI * 31(59.6) * 
 The score of GCS is not related to the severity of TBI 1(5.8) 
10(19.2) 
10(19.2) 
 The higher GCS score is, the severer the TBI  
 The lower GCS score is, the milder the TBI  
3. What are the primary goals for pre-hospital TBI management?  
 Correct hypoxia immediately if the oxygen saturation is decreased* 48(92.3) * 
 Establish an airway immediately if the patient has breathing difficulty* 47(90.4) * 
 Administer 20% mannitol immediately if the  intracranial pressure  is increased 47(90.4) 
 Correct hypotension immediately if hypotension occurs* 44(84.6) * 
 Transport patient quickly without any specific treatment 3(5.8) 
4. Which of the following are correct during transfer?  
 Turn a comatose and vomiting patient’s head to one side 48(92.3) 
 Raise the head up to15-30 degrees* 32(61.5)* 
 Apply a cervical collar* 19(36.5) 
 Apply a spinal board 13(25.0) 
 Keep the head and body at the same height 10(19.2) 
 Lower a comatose and vomiting patient’s head 4(7.7) 
5. Which of the following is the correct principle for the transfer of severe TBI patients?  
 According to the severity of TBI, sent patients to a qualified hospital* 46(88.5) 
 Transfer patients according to the requirement of their family relatives 18(34.6) 
 Transfer to the nearby hospital, regardless of the hospital ranking and speciality 9(17.3) 
 Transfer to first class hospitals, regardless of distance 3(5.8) 
 Transfer according to preference of pre-hospital doctors 1(1.9) 
*: Correct answer according to literature  
4.3 Influencing factors on the practices and knowledge levels of doctors in pre-
hospital TBI management 
TBI management consists of three domains: TBI identification, TBI 
assessment, and TBI treatment. Factors that can significantly influence the average 
scores of each domains and the overall management were explored using statistical 
test (independent samples t-test and one-way ANOVA) and general linear regression.  
4.3.1 Identification of TBI 
Four of the questions assessed knowledge levels and practices of participants in 
the identification of TBI. Data for the overall score of TBI identification was 
normally distributed with a mean of 2.7 (SD=0.44). The score ranged from 1.89 to 
3.9. Data for the average score of each question in this domain was also normally 
distributed with a mean of 0.68 (SD=0.11) (Table 16). 
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On average, the 12 doctors with a degree of master’s or above had a higher 
score in the domain of TBI identification (mean=0.75; SD=0.10) than the 37 doctors 
with a degree of bachelor or below (mean=0.65; SD=0.10). Statistical testing 
confirmed that the score of TBI identification in doctors with higher degrees was 
significantly different to the score of doctors with lower degrees (t47=2.68, p=0.010). 
The score of doctors with a degree of master’s or above was 0.10 (95% CI: 0.02–
0.17) higher than the score of doctors with a degree of bachelor or below (Table 16). 
In addition, the 19 doctors working in EDs had a higher score in TBI 
identification (mean=0.72; SD=0.08) than the 33 doctors working in emergency 
medical centres (mean=0.65; SD=0.12). Statistical testing confirmed the difference 
(t50=2.07, p=0.043). The score of doctors working in EDs was 0.06 (95% CI: 0.00–
0.13) higher than the score of doctors working in emergency medicine centres (Table 
16). 
Independent samples t-test or one-way ANOVA were also calculated to test the 
significance of the difference between different cities (Wuhan and Xiangyang), 
different age groups (<30, 30–39, ≥40), different genders (male and female), varying 
service years in emergency medicine (< 3 years and ≥ 3 years), different professional 
titles (residency or below and attending or above), different specialities before 
practicing emergency medicine care (internal medicine, surgery, no speciality 
before), and different training frequencies (never, one time, regular) in the average 
score of TBI identification. However, no statistically significant difference was noted 
at the 5% level. 
When the two significant factors were assessed using the general linear 
regression model, the overall model was significant (p=0.007), indicating that 
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combined, the education level and work organisation do explain variations in the 
average score of TBI identification. The overall model explained 16.1% of the 
variation in the average score.  The β value of organisation was not significantly 
different to zero (p=0.064). Hence, we can conclude that education level, but not 
working organisation, explains variation in the score of TBI identification. The 
average score of each question in TBI identification was expected to increase by 0.08 
(95% CI: 0.02-0.15) for the doctors with a degree of master or above when compared 
to the doctors with a degree of bachelor or below (Table 19). 
Table 19. Regression analysis of personal factors influencing TBI management  
Characteristics B p value  95% CI 
Domain 1 Identification of TBI    
Education level - 0.019* - 
      Bachelor’s degree or below 0 - - 
      Master’s degree or above   0.08 0.019* 0.02–0.15 
Organisation - 0.064 - 
      Emergency medical centre 0 - - 
      Emergency department or other 0.06 0.064 0.00–0.12 
Domain 2 Assessment of TBI    
Organisation - 0.011* - 
      Emergency medical centre   0.10 0.011* 0.02–0.17 
      Emergency department  0 - - 
Specialty before Pre-hospital care - 0.009* - 
      Internal medicine 0 - - 
      No specialty before   0.10 0.041* 0.01–0.19 
      Surgery    0.14 0.002* 0.05–0.22 
Domain 3 Treatment of TBI    
Professional title - 0.067 - 
      Resident doctor or below 0 - - 
      Attending doctor or above 0.04 0.067 0.00–0.08 
Training Frequency - 0.011* - 
      Never 0 - - 
      Pre-job training   0.06 0.020* 0.01–0.12 
      Regular training   0.10 0.004* 0.04–0.17 
Overall    
Professional title - 0.090 - 
      Resident doctor or below 0 - - 
      Attending doctor or above 0.04 0.090 -0.01–0.08 
Training Frequency - 0.069 - 
      Never 0 - - 
      One time 0.05 0.054 0.00–0.10 
      Regular    0.08 0.031* 0.01–0.14 
 
The box and whisker plot of the scores for each domain of TBI management 
and the overall score of TBI management categorised by education is shown below 
(Figure 6). The boxplot displays the values of the 25th, 50th, and 75th percentiles. 
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The whiskers extend to the most extreme data point, less than 1.5 times the inter-
quartile range. It could be noted that even though education level was not 
significantly associated with other parts of TBI management (Table 19), the median 
value of the average score underwent an increasing trend along with the increase in 
the education level in most parts and the overall TBI management. 
 
Figure 6. Trend of average scores with the increase in education level 
4.3.2 Assessment of TBI 
 Five of the questions assessed participants’ knowledge and practices in the 
assessment of TBI. Data for the overall score of TBI assessment was normally 
distributed with a mean of 4.02 (SD=4.18). The score ranged from 1.93 to 5.00. Data 
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for the average score of each question in this domain was also normally distributed 
with a mean of 0.80 (SD=0.14) (Table 16). 
On average, the 33 doctors working in emergency medical centres had a higher 
score (mean=0.84; SD=0.13) than the 19 doctors working ED (mean=0.74; SD=0.14) 
in this part. Statistical testing confirmed the difference (t50=2.65, p=0.011). The score 
of doctors working in emergency medical centres was 0.10 (95% CI: 0.03–0.18) 
higher than the mean score of doctors working in EDs (Table 16). 
It appears that the mean scores of TBI assessment were different across the 
doctors who formerly practiced internal medicine (mean=0.71; SD=0.16), surgery 
(mean=0.84; SD=0.11), and doctors who initially practiced emergency medicine 
after graduating from medical school (mean=0.83; SD=0.13). Statistical testing using 
ANOVA indicated that at least one group of the score was different to the others 
(F2,49=5.18, p=0.009). Post-hoc testing using Tukey HSD test revealed that the score 
of doctors who formerly practiced internal medicine was significantly lower than the 
score of doctors who formerly practiced surgery (mean difference in score=0.13, 
95% CI: 0.03–0.25, p=0.009), and doctors who initially practiced emergency 
medicine (mean difference in score=0.12, 95% CI: 0.01–0.24, p=0.034). There was 
no significant difference in score between doctors who formerly practiced surgery 
and initially practiced emergency medicine (p=0.941) (Table 16). 
Independent samples t-test or one-way ANOVA were also calculated to test the 
significance of the difference between other demographic categories. However, no 
statistically significant difference was noted at the 5% level. 
When the two significant factors were assessed using general linear regression, 
the overall model was significant (p=0.001), indicating that combined, speciality and 
working organisation do explain the variation in the average score of TBI 
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assessment. The overall model explained 23.4% of the variation in the average score. 
The β value of organisation (p=0.011) and speciality (p=0.009) were both 
significantly different to zero. Hence, we can conclude that working organisation and 
doctors’ speciality prior to practicing emergency medicine are associated with the 
variation in the score of TBI assessment. If doctors’ specialities were the same, the 
average score of each question in TBI assessment was expected to increase by 0.10 
(95% CI: 0.02–0.17) for the doctors who worked for emergency medical centres 
when compared to the doctors who worked for EDs. If doctors’ working organisation 
were the same, the score of each question in TBI assessment was expected to 
increase by 0.10 (95% CI: 0.01–0.19) for the doctors who initially practiced 
emergency medicine when compared to the doctors who formerly practiced internal 
medicine, and the average score was expected to increase by 0.14 (95% CI: 0.05–
0.22) for the doctors who used to practice surgery when compared to the doctors who 
formerly practiced internal medicine (Table 19). 
The box and whisker plot of the scores for each domain of TBI management 
and the overall score of TBI management categorised by the working organization is 
shown below (Figure 7). Even though working organization was not an associated 
factor for the score of TBI identification, treatment, or the overall score of TBI 
management (Table 19), it should be noted that the median value of the average 
scores for participants working in emergency medical centres tended to be higher 
than those of participants working in EDs in most parts, and in the overall TBI 
management. 
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Figure 7. Trend of average scores with different work organisation  
4.3.3 Treatment of TBI 
Ten of the questions assessed participants’ knowledge and practices in the 
treatment of TBI. Data for the overall score of TBI treatment was normally 
distributed with a mean of 6.39 (SD=0.81). The score ranged from 4.14 to 8.17. Data 
for the average score of each question in this domain was also normally distributed 
with a mean of 0.64 (SD=0.08) (Table 16). 
On average, the 28 doctors with a professional title of attending doctor or 
above had a higher score in the domain of TBI treatment (mean=0.67; SD=0.08) than 
the 23 doctors with a professional title of residency or below (mean=0.62; SD=0.07). 
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Statistical testing confirmed the difference (t49=2.38, p=0.021). The score of doctors 
with a professional title of attending doctor or above was 0.05 (95% CI: 0.01–0.10) 
higher than the score of doctors with a professional title of residency or below (Table 
16). 
It appears that the scores of TBI treatment were different for the doctors who 
never received training (mean=0.59; SD=0.09), received training once only 
(mean=0.64; SD=0.07), and doctors who regularly received training in pre-hospital 
TBI management (mean=0.70; SD=0.08). Statistical testing using ANOVA indicated 
that at least one group of the score was different to the others (F2,49=7.14, p=0.002). 
Post-hoc testing using Tukey HSD test revealed that the score for doctors who never 
received training was significantly lower than the score for doctors who received 
training once only (mean difference in score=0.05, 95% CI: 0.01–0.13, p=0.033), and 
the score for doctors who regularly received training (mean difference in score=0.11, 
95% CI: 0.04–0.20, p=0.001). There was no significant difference in the score 
between doctors who received training once and who regularly received training 
(p=0.109) (Table 16). 
Independent samples t-test or one-way ANOVA were also calculated to test the 
significance of the difference between other demographic categories. However, no 
statistically significant difference was noted at the 5% level. 
When the two significant factors were assessed using general linear regression, 
the overall model was significant (p=0.003), indicating that combined, a professional 
title and training frequency did explain variation in the average score of TBI 
treatment. The overall model explained 21.2% of the variation in the average score. 
The β value of professional title was not significantly different to zero (p=0.067). 
Hence, we can conclude that training frequency, but not professional title is 
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associated with the variation in the score of TBI treatment. The average score of each 
question in TBI treatment was expected to increase by 0.05 (95% CI: 0.00–0.10) for 
the doctors who received training once only when compared with the doctors who 
never received training, and the score of each question in this domain was expected 
to increase by 0.08 (95% CI: 0.01–0.14) for the doctors who regularly received 
training when compared to the doctors who never received training (Table 19). 
The box and whisker plot of the scores for each domain of TBI management 
and the overall score of TBI management categorised by training frequency is shown 
below (Figure 8). Even though training frequency was not an associated factor for 
the score of TBI identification, assessment, and the overall score of TBI management, 
it should be noted that the median value of the score underwent an increasing trend 
along with the increase in the training frequency in most parts and the overall TBI 
management. 
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Figure 8. Trend of average scores with increase in training frequency 
4.3.4 The overall management of TBI 
Data for the overall score of all 19 questions was normally distributed, with a 
mean of 13.12 (SD=1.45). The score ranged from 9.01 to 16.87. Data for the average 
score of each question in overall TBI management was also normally distributed 
with a mean of 0.69 (SD=0.08) (Table 16). 
On average, the 28 doctors with a professional title of attending doctor or 
above had a higher score in the overall TBI management (mean=0.72; SD=0.08) than 
the 23 doctors with a professional title of residency or below (mean=0.67; SD=0.08). 
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Statistical testing confirmed the difference (t49=2.12, p=0.039). The score of doctors 
with a professional title of attending doctor or above was 0.05 (95% CI: 0.00–0.09) 
higher than the score of doctors with a professional title of residency or below (Table 
16). 
It appears that the scores of TBI treatment were different for the doctors who 
had never received training (mean=0.65; SD=0.09), who had received training once 
only (mean=0.70; SD=0.07), and doctors who regularly received training in pre-
hospital TBI management (mean=0.74; SD=0.09). Statistical testing using ANOVA 
indicated that at least one group of the mean score was different from the others 
(F2,49=4.15, p=0.022). Post-hoc testing using Tukey HSD test revealed that the score 
of doctors who had never received training was significantly lower than the score of 
doctors who regularly received training (mean difference in score=0.09, 95% CI: 
0.01–0.17, p=0.018). There was no significant difference in mean scores between 
doctors who had received training once only and those who regularly received 
training (p=0.336), and no significant difference in mean scores between doctors who 
received training once only and who had never received training (p=0.101)  (Table 
16). 
Independent samples t-test or one-way ANOVA were also calculated to test the 
significance of the difference between other demographic categories. However, no 
statistically significant difference was noted at the 5% level. 
When the two significant factors were assessed using general linear regression, 
the overall model was significant (p=0.023), indicating that combined, a professional 
title and training frequency did explain variations in the average score of overall TBI 
management. The overall model explained 13.1% of the variation in the average 
score. The β value of a professional title (p=0.090) and training frequency (p=0.069) 
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were not significantly different to zero. Hence, we can conclude that no statistically 
significant evidence for the association between the average score in TBI 
management and demographic factors was noticed at the 5% level (Table 19). 
The box and whisker plot of the scores for each domain of TBI management 
and the overall score of TBI management categorised by gender is shown below 
(Figure 9). It should be noticed that gender was not a significantly associated factor 
for the average score of TBI management (Table 19). Males tended to achieve higher 
scores in most areas and in the overall TBI management when compared to females. 
 
Figure 9. Trend of average scores with different genders  
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In summary, for all the influencing factors, the education level was positively 
associated with the score of TBI identification; participants who worked in ED or 
who formerly practiced internal medicine tended to achieve lower scores in TBI 
assessment; participants’ scores in TBI treatment were positively associated with 
their training frequency; and no statistically significant associated factor was found 
in the overall TBI management. 
4.4 External barriers to pre-hospital TBI management 
Most of the pre-hospital doctors (52%) in this study reported that on average, 
they spent 15 minutes travelling to the accident scene after the emergency medical 
centre received an emergency call (Figure 10). Heavy traffic and inadequate 
personnel were mainly reported as external barriers to timely arrival (Table 20, 
Figure 11). In addition, the top three external barriers that affected the pre-hospital 
treatment were reported as human-related factors (75.0%), inadequate agents 
(57.7%), and inadequate equipment (50.0%) (Table 20, Figure 12). Improper hospital 
management systems (67.3%), inadequate pre-hospital personnel (40.4%), and 
inefficiency communication equipment (30.8%) were the most reported barriers 
affecting the handover of patients from pre-hospital to ED (Table 20, Figure 13).  
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Figure 10. Average time between emergency calls and arrival at accident scenes  
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Figure 11. External barriers to timely rescues in pre-hospital settings identified by participants 
 
 
Figure 12. External barriers to optimal treatment in pre-hospital settings identified by 
participants 
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Figure 13. External barriers to smooth handover processes from pre-hospital to ED 
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Table 20. External barriers influencing TBI management in pre-hospital settings identified by 
doctors 
Issue (N=52) Frequency (%) 
Which of these factors would affect the timely pre-hospital management for TBI patients: 
 Heavy traffic 43(82.7) 
 Inadequate personnel 35(67.3) 
 Disordered management 15(28.8) 
 Ambiguous address 2(3.8) 
 Unsatisfactory teamwork 1(1.9) 
Which of these factors may influence your treatment in pre-hospital settings:  
 Human-related factors 39(75.0) 
 Inadequate pharmaceutical products in the ambulance 30(57.7) 
 Inadequate rescue equipment in the ambulance 26(50.0) 
 Unfamiliarity with relevant practices 4(7.7) 
 Unfamiliarity with the location of equipment or drugs in the ambulance 3(5.8) 
 Other 3(5.8) 
 Confused commands 1(1.9) 
Which factors could complicate the handover process between pre-hospital and ED: 
 Suboptimal handover protocols    35(67.3) 
 Inadequate pre-hospital personnel numbers     21(40.4) 
 Inefficiency communication equipment 16(30.8) 
 Inadequate ED personnel numbers        11(21.2) 
 Unsatisfactory skills and knowledge of ED doctors 11(21.2) 
 Inadequate ED facilities 8(15.4) 
 Other 7(13.5) 
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CHAPTER 5: DISCUSSION 
This study has several interesting findings. First of all, the study catchment 
suffered from a lack of pre-hospital doctors, and the numbers of young doctors and 
female doctors were insufficient. Next, this study quantified pre-hospital doctors’ 
practices and knowledge levels in TBI management, and some suboptimal aspects in 
Chinese pre-hospital TBI management were revealed. Third, personal factors 
including education level, organisation, doctors’ speciality, and training frequency 
were associated with doctors’ practices and knowledge levels in TBI management. In 
the end, inadequate resources, adverse conditions, and suboptimal management 
systems were reported as external barriers for pre-hospital practices in China. 
5.1 Demographic characteristic  
This study revealed the demographic characteristics of pre-hospital doctors in 
two cities in Hubei, China. The doctors were not evenly distributed between age 
groups, and the proportion of male to female was unbalanced.  
When compared to the age of doctors working in Chinese hospitals, the 
percentage of young doctors was lower in Chinese pre-hospital settings. In the study 
catchment, only 15.4% of the pre-hospital doctors were younger than 30 years old. 
However, in Chinese hospitals, doctors under 30 accounted for 26% to 43% of the 
total (Ren, Sun, & Yang, 2007; Y. Yang & Chao, 2008). This result confirmed the 
current situation that fewer Chinese medical graduates are willing to work with the 
ambulance service upon graduation (Gu, 2011). Since China does not have the 
profession of paramedic, all the doctors working in the ambulance services hold the 
same medical licence as the doctors working in hospitals (Q. Liang & Li, 2008). 
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Therefore, there is no barrier preventing doctors moving from ambulance services to 
other specialist areas. However, ambulance services entail high risks and heavy 
physical work for doctors, and the salary of pre-hospital doctors is lower than that of 
doctors working in hospitals (Gu, 2011). It is not surprising that few medical 
graduates want to work in the ambulance service.  
To our knowledge, most of the existing literature contained no information 
about the gender proportion of Chinese pre-hospital doctors. Only one Chinese 
publication reported the proportion of male pre-hospital doctors in Hangzhou, 
Zhejiang as 84.6% (Yu, 2013), which was consistent with this study (78.8% male). 
However, the ratio of male to female doctors working in hospitals currently stands at 
1:1 in China (Ren et al., 2007; Y. Yang & Chao, 2008; X. Zhao & Zhu, 2012). In 
Australia, in the 20–29 age group, 53% of paramedics are women (Paramedics 
Australasia, 2012). Literature indicated that female doctors preferred the jobs that 
could make it easier for them to combine work and family duties (Gjerberg, 2002). 
However, EMS in China consisted of heavy physical work and “nights on call” (Gu, 
2011), which made it difficult to combine childcare and work and motivated the 
female doctors to choose other specialities.  
In summary, the low proportion of young and female pre-hospital doctors 
might indicate a decreasing attraction of the EMS system for Chinese medical 
students.  
5.2 Practices and knowledge level in pre-hospital TBI management 
On average, participants could correctly answer 69% of the questions about 
knowledge and practices in pre-hospital TBI management. A similar study conducted 
in the US indicated that their paramedics could correctly answer 62% of the 
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questions regarding the knowledge of pre-hospital TBI management (Watts et al., 
2004). However, this percentage was only an indication, since there was no 
information about the number of questions in their questionnaire. 
This study also selected several questions that could reflect several suboptimal 
aspects of pre-hospital TBI management in China. 
For TBI assessment, the routine measurement of the GCS score was only 
reported by 28.8% of the doctors in this study. In addition, at least 40.4% of the 
participants could not measure GCS accurately. However, evidence-based 
recommendations suggested pre-hospital doctors measure GCS scores repeatedly 
because it is a significant and reliable indicator of the severity of TBI. (Badjatia et al., 
2008; A. I. R. Maas et al., 1997). A study conducted in the US revealed that initially, 
62% of the TBI patients in the US had their GCS calculated and 40.7% of the 
paramedics could measure GCS accurately. After the paramedics undertook a 
training program on pre-hospital TBI management, the percentage of patients who 
had their GCS calculated increased 11.7% and the percentage of paramedics who 
could accurately calculate GCS increased 25.6% (Watts et al., 2004).  
For TBI treatment, the use of analgesics was noted by only three participants 
(5.8%) in this study (Table 17). The underuse of analgesics was not a problem 
unique to the Chinese pre-hospital settings. A typical study in the US found 
analgesics were administered to only 23.4% of extreme trauma patients (82% of 
whom had intra-transport pain that was “moderate or severe”) (Vassiliadis, Hitos, & 
Hill, 2002). Australians found that fewer than half of femoral fracture patients 
receive field analgesics (Möller et al., 2002). In Germany, 41% of children treated by 
an EMS service for severe pain receive inappropriate pain care (Ricard-Hibon, 
Chollet, Saada, Loridant, & Marty, 1999). A French EMS system found that just 49% 
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of patients rated pre-hospital pain relief “adequate”,  and their physician pre-hospital 
providers have “low knowledge about severe acute pain management” in adult 
patients (McEachin, Swor, Seguin, & Pascual, 2004). Evidence indicated that 
sedation and analgesics are essential for TBI patients in pre-hospital settings, and 
hypertension in TBI patients is usually caused by inadequate sedation and analgesics 
(Piek & Working Group Neurosurgical Intensive Care, 1998). The main barrier to 
more frequent analgesics administration in TBI patients is that analgesics may 
interfere with assessment of the mental state (Thomas & Shewakramani, 2008). 
RSI is recommended by several pre-hospital TBI management guidelines 
(Badjatia et al., 2008; QAS, 2011). Nevertheless, the practice of RSI was neither 
reported by Chinese literature nor routinely practiced in this study catchment. 
According to this study, participants did not use muscle relaxants before intubation, a 
key step for RSI, because there was no support facilities in the ambulance and 
because they considered muscle relaxants as high risk (Table 17). The 
implementation of RSI is also considerably varied in Australia: some states forbid 
RSI and others recommend it (S. A. Bernard, 2006). Existing publications document 
apparently conflicting outcome effects of RSI. The reasons behind these were 
analysed by expert panels (D. P. Davis et al., 2007). More research needs to be 
conducted to find out if pre-hospital RSI is appropriate for TBI patients. 
In this study, only one participant reported the use of hypertonic saline as a 
resuscitation fluid for TBI patients. According to the literature review, the use of 
hypertonic saline was reported by 12.3% of the Chinese literature. Publications 
reporting the usage rate of hypertonic saline in other countries have not yet been 
found. Several studies revealed that hypertonic saline can significantly improve the 
survival rate of TBI patients because it can efficiently correct hypotension and 
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decrease ICP. It is also recommended by several pre-hospital TBI management 
guidelines (Badjatia et al., 2008; QAS, 2011). More research could be conducted in 
the future to analyse the efficiency and safety of hypertonic saline in China.  
Mannitol is revealed as a mainstream therapy for pre-hospital intracranial 
hypertension according to the review of Chinese literatures. In this study, also, 90.4% 
of participants claimed mannitol should be used to control elevated intracranial 
pressure. The usage rate of mannitol in other countries has not yet been reported. 
However, a systemic literature review about the use of mannitol in TBI patients 
revealed that there is no adequate evidence to support its use in pre-hospital settings 
(Abel Wakai et al., 2013). According to the evidence-based guidelines, 
hyperventilation is recommended as the main therapy to control intracranial pressure 
in pre-hospital settings (Badjatia et al., 2008). 
5.3 Influential demographic factors for pre-hospital TBI management 
This study also detected several factors that were significantly associated with 
the score of certain domains of pre-hospital TBI management in the questionnaire. 
Among them, education level was associated with TBI identification; work 
organisation and doctors’ specialisations prior to practising ambulance service were 
associated with TBI assessment; and training frequency was an influential factor for 
TBI treatment. 
Participants in this study holding a master’s degree or higher attained higher 
scores in TBI identification compared to participants with a bachelor’s degree or 
lower. Like doctors working in Chinese hospitals, pre-hospital doctors have also 
been medical students (including doctors graduated from secondary medical schools). 
In China, medical curricula varies greatly, from three years of study at secondary 
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medical schools to five to eight years at universities.(T. p. Lam, Wan, & Ip, 2006) 
Therefore, the education level of pre-hospital doctors varies. The situation is the 
same with paramedics in Australia. The qualifications of paramedics in Australia 
ranged from “no post-school qualification” to postgraduate degree in 
2011.(Paramedics Australasia, 2012) It has been reported that medical professionals 
with a higher education level had a higher probability of passing the US International 
Paramedic Certification Examination.(Fernandez, Studnek, & Margolis, 2008) This 
study documented that doctors in China with a higher education level knew more and 
practiced better in pre-hospital TBI identification. In addition, even though the 
results could not identify the association between education level and the 
performance in TBI assessment and treatment, the data showed a trend that Chinese 
doctors with higher degree perform better in every parts of TBI management (Figure 
6).  
Participants working in emergency medical centres achieved a higher score in 
TBI assessment than participants working in ED. As discussed earlier, in the study 
catchment the emergency medical centres cooperated with hospital EDs. Therefore, 
the participants working in cooperative EDs needed to practice emergency medicine 
in hospital as well as work part-time as pre-hospital doctors. It has been reported that 
doctors’ practices could be influenced by their work organisations.(Allery, Owen, & 
Robling, 1997) This study also revealed this phenomenon: that the doctors working 
in emergency medical centres knew more and practiced better in pre-hospital TBI 
assessment. The reason why the participants working as part-time pre-hospital 
doctors could not perform as well as full-time pre-hospital doctors remains unknown. 
However, the different working environment could be one of the reasons. More 
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research need to be done in the future to find out if it is suitable to cooperated with 
EDs when consider about the quality of EMS. 
This study also revealed that the doctors who were former surgeons achieved 
the highest score and the doctors who were former physicians received the lowest 
scores in TBI assessment. No literature about the association between the 
performance of pre-hospital management and doctors’ specialities has been found. 
Since TBI is considered as a surgical disease, doctors who used to practice internal 
medicine might not have sufficient training in the management of traumatic disease.  
In TBI treatment, the participants’ scores were positively associated with the 
frequency of training that they received. All Chinese doctors have to receive pre-job 
training before they provide ambulance services.(Lu & Li, 2011) TBI is an 
emergency and  all Australian paramedics are trained to manage it in pre-hospital 
settings.(Paramedics Australasia, 2014) However, this study revealed that 21.2% of 
Chinese participants never received any training in the pre-hospital management of 
TBI. Therefore, it can be speculated that the content of training for Chinese pre-
hospital doctors must be variable. Literature also reveal that the content of pre-job 
training for pre-hospital doctors in China is not standardised, evidence-based, or 
appropriate(Lu & Li, 2011). However, although the quality of training was not 
guaranteed in the study catchment, this study still indicated that pre-hospital doctors 
receiving more relevant training knew more and practiced better in TBI treatment. In 
addition, the data of this study showed a trend that pre-hospital doctors who attended 
more training sessions performed better in all parts of TBI management (Figure 1). 
Therefore, it can be assumed that, since China does not have the profession of 
paramedic, an appropriate training program for pre-hospital doctors could 
significantly improve the quality of ambulance service in the short term.  
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Continuing medical education (CME) is defined as the activities that can 
improve doctors’ knowledge, attitudes, and skills, and keep them updated with the 
latest developments that improve performance and outcomes.(Bloom, 2005) 
Evidence suggested that CME containing sequenced interventions with the pattern of 
learn-work-learn succeeded in improving doctors’ performance.(D. Davis et al., 1999) 
This study also revealed that regular workplace training sessions were more effective 
in improving doctors’ practices and knowledge than pre-job training only. Therefore, 
more researches focusing on developing an appropriate CME program for Chinese 
pre-hospital doctors is needed.  
5.4 External barriers to Chinese pre-hospital practices 
According to this study, a pre-hospital doctor may still encounter external 
barriers that limited their ability to perform the recommended procedures due to 
inadequate resources, adverse conditions, and suboptimal management systems.  
Based on the reports of the participants, inadequate resources was one of the 
external barriers. As discussed before in this chapter, the number of pre-hospital 
doctors is insufficient in Hubei province. Therefore, it is not surprising that an 
inadequate workforce was reported as one of the main barriers to the timely rescue 
and smooth handover of patients from pre-hospital to EDs (Table 20). In addition, 
literature indicated that adherence to practice recommendations may require changes 
such as acquisition of new resources or facilities (Kosecoff et al., 1987; Resnicow, 
Schorow, Bloom, & Massad, 1989). That finding is in line with this study. 
Participants reported that inadequate agents and rescue equipment were the main 
barriers to optimal pre-hospital treatment (Figure 12). The answer from this section 
about TBI management also proved this point: 73.1% of participants documented 
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that no support equipment was the main reason that they could not practice RSI 
(Table 17). Moreover, lack of efficient communication equipment was also reported 
as a reason for a poor handover (Figure 13). 
The adverse conditions, such as heavy traffic and human-related factors, were 
another barrier to optimal practices in pre-hospital settings. In this study, 82.7% of 
participants reported that heavy traffic was a barrier to timely rescue. Traffic jams 
were a major issue in urban China (Dimitriou, 2013) and literature indicated that the 
study catchment also suffered from this problem (L. Yang & Xu, 2013). Several 
studies have tried to find a way to reduce the waiting time for ambulances en route 
(Kale & Dhok, 2013; X. Wang & Liu, 2011). Monitoring the road conditions and 
choosing an optimal pathway for ambulances was most discussed (X. Wang & Liu, 
2011). Human-related factors were mostly reported as barriers to optimal treatment 
in this study. Research showed that doctors could not practise optimally if they were 
not able to reconcile patient preferences with guideline recommendations (Cabana et 
al., 1999). In China, doctor-patient relationships have been deteriorating for the past 
10 years. Most patients do not trust doctors or other medical staff and physical 
attacks on these professionals are becoming a common event (Jing et al., 2013). 
Therefore, it could be assumed that it would be difficult for Chinese pre-hospital 
doctors to practice rescues strictly according to the recommendations. 
Suboptimal management systems were another type of external barrier 
discovered by this study. Of the participants, 67.3% reported that the handover 
protocol in the study catchment was not efficient and complicated the handover 
process from the pre-hospital setting to the ED. The objective of a ‘handover’ from 
pre-hospital to the ED was to provide accurate information about a patient’s care, 
treatment, and services, their current condition and any recent or anticipated changes 
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to ED professionals (Barach & Pijnenborg, 2012). Transitions in patient care due to a 
handover by the care provider to another provider could have detrimental effects on 
the quality and safety of patient care (Aase, Søyland, & Hansen, 2011). No 
publication about the current handover protocols in Chinese EDs has been found. 
Only one article discussed the quality of medical records during pre-hospital 
handovers and the results showed a disappointing situation (Yan, Zhou, Zheng, Chen, 
& Wu, 2014). This study could not detect the problems of current handover 
processes. More research about this could be conducted in the future. 
In summary, even if the pre-hospital doctors were well trained and confident 
about their skills, they could still be affected by external barriers that prevented them 
from adhering to recommendations. Some of the external barriers identified in this 
study (e.g. traffic jams, poor doctor-patient relationships) would not be easy to 
remove in the short term, but some (e.g. inadequate personnel and equipment, 
suboptimal handover protocols) could be reduced by more efforts in the future. 
5.5 Limitations 
It should be noted that there are several limitations existing in this study: First, 
because this research was conducted with convenient samples, it may have a risk of 
Type II errors. Second, scores on a questionnaire or test may or may not reflect real-
life practices and patient outcomes. For example, participants reporting the routine 
measurement of GCS may not mean that they measure it in the practice. 
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TBI is a major health and socioeconomic problem throughout the world. In 
China, the incidence of TBI is rising sharply. The outcome of TBI depends to a great 
extent on the pre-hospital management. However, the EMS system is the weakest 
part of the medical system in China. Therefore, this study mainly aimed to quantify 
doctors’ practices and knowledge levels in pre-hospital TBI management in Hubei 
province, China, and to explore the factors influencing these.  
In order to achieve the study objectives, a cross-sectional survey was 
conducted in Wuhan and Xiangyang, the two biggest cities in Hubei province. We 
designed a questionnaire according to one of the Australian pre-hospital TBI 
management guidelines. Then, all of the doctors providing EMS in the study 
catchment were invited to complete the questionnaire. The response rate in this study 
was 92.9%. According to the feedback of the questionnaire, we described the 
demographic characters of the pre-hospital doctors working in the study catchment, 
calculated the score of knowledge level and practices in pre-hospital TBI 
management for the participants, and analysed the influential factors for doctors’ 
performance in pre-hospital TBI management. In addition, we also described the 
external barriers in Chinese EMS. 
This study had several interesting findings:  
1. In Hubei province, the number of pre-hospital doctors was not nearly 
enough. Considering the age and gender proportion, the lack of human 
resources may not be improved in the short term.  
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2. On average, the participants in the study catchment could correctly 
answer 69% of the questions regarding pre-hospital TBI management. 
In addition, they did not practice optimally, nor had appropriate 
knowledge in some aspects of pre-hospital TBI management, when 
compared with the current international guidelines.  
3. This study detected several factors that were significantly associated 
with participants’ scores in TBI management. Among them, education 
level was positively associated with the score of TBI identification; 
working organisation and doctors’ speciality before they practised 
emergency medicine were associated with TBI assessment; and training 
frequency was a positive influential factor for TBI treatment.  
4. This study revealed that the participants also encountered external 
barriers that limited their ability to perform the recommended 
behaviours: inadequate resources, adverse conditions, and suboptimal 
management system.  
This study for the first time quantified doctors’ practices and knowledge levels 
in pre-hospital TBI management in Hubei province, China and explored the factors 
influencing these. According to the results of this study, several recommendations 
can be concluded:  
1. Multi-centre research with a larger sample size investigating doctors’ 
performances in pre-hospital TBI management could be conducted in 
China in the future.  
In China, the incidence of TBI is rising sharply. The outcome of TBI 
partially depends on pre-hospital management. Therefore, it is 
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important to know the baseline performance of pre-hospital TBI 
management in China. However, because of the restrictions of the 
resources, this study only focused on pre-hospital care of TBI in Hubei 
province. More research needs to be done in order to generalise the 
findings to other areas.  
2. Appropriate CME program is a recommended pathway for improving 
the quality of EMS in China. Since there is no standardised CME 
program in China, high quality CME programs from advanced 
countries could be useful. In addition, further research could be 
conducted to develop more suitable CME textbooks, and workshops 
and other training for Chinese pre-hospital doctors.  
3. More research could be conducted to discover if it is appropriate to 
establish the paramedic profession in China. 
Paramedic is a type of medical professional devoting to providing rapid 
response, emergency medical assessment, treatment, and care in the 
out-of-hospital environment. Currently in China, there is no barrier for 
doctors to move from the EMS system to other departments in hospitals. 
EMS contains high personal risk and heavy physical work, but the 
salary and welfare conditions are poorer when compared to those of 
doctors working in hospitals. Therefore, fewer doctors want to practice 
EMS in China. In addition, the pre-hospital doctors were medical 
students, and most of the training they received in medical school was 
for in-hospital management. This may lead to waste of resources. 
Thirdly, since the pre-hospital doctors were not specifically trained to 
practice EMS, they might not have been very familiar with pre-hospital 
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management. Therefore, the quality of EMS in China could not be 
guaranteed. Hence, it might be more cost efficient if a specific degree 
and qualification for paramedics in China could be established, with 
training exclusively in the  knowledge and skills needed in pre-hospital 
management. In this way, the human resource of EMS professional as 
well as the quality of EMS in China might be guaranteed.    
4. The high-quality international recommendations and protocols for pre-
hospital management could be useful in developing the quality of EMS 
in China. Moreover, more research should be conducted to obtain more 
evidence for optimal pre-hospital TBI management for the Chinese 
population.  
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Appendix B: Questionnaire 
A survey of pre-hospital doctors’ practices in and knowledge level of traumatic brain injury (TBI) 
management in China 
 
 
Dear Doctors: 
Thank you very much for participating in the investigation. Your time and effort is appreciated. This questionnaire is designed to 
investigate doctors’ practices in and knowledge levels of pre-hospital traumatic brain injury (TBI) management in China. Please tick the 
option(s) that best represent your answer. This is an anonymous survey, so please share with us your knowledge and experience. Thank you very 
much for your support. We will keep all of your information confidential. 
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Section 1: Demographic Information 
Questions Options 
1. Your age (Years old)  A. <30                    B. 30 - 39               C. 40 - 49              D. ≥ 50    
2. Your Gender A. Male                              B. Female     
3. Your highest level of education A. Junior college B. Bachelor's degree          C. Master's degree              D. PhD  
 
  
 
4. How long have you been working in 
pre-hospital emergency medicine 
service (years)? 
A. <3                     
 
B. 3 - 5                     
 
C. 6 - 10                     
 
D. 11 - 15                      
 
E. > 15   
 
 
5. Your professional title A. Assistant Doctor 
(haven’t gotten licence ) 
B. Resident Doctor C. Attending Doctor D. Associate Chief 
Doctor  
E. Chief Doctor F. Other_____ 
6. Your current organisation  A. Emergency Medical 
Centre                        
B. Hospital Emergency 
Department  
C. Other_____________________ 
7. What kind of job did you have 
before pre-hospital emergency 
service? 
A. I have not worked in 
any other clinical 
department before 
B. Surgery  
 
C. Internal Medicine  
 
D. Gynaecology or 
Paediatrics  
 
E. Other________________
8. Have you received any training 
associated with traumatic brain 
injury (TBI)? 
A. Never   
 
B. Pre-job training   
 
C. Regular training 
(_____ times per year)   
D. Other__________________ 
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Section 2: Epidemiology of TBI and pre-hospital management 
Questions Options 
1. In the last two weeks, how many cases of 
TBI have you treated? 
A. 0               
 
B. 1 – 5              
 
C. 6 – 10              
 
D. 11 – 15              
 
E. ≥ 16              
 
F. I cannot recall 
 
2. According to your experience, what is the 
most common cause of TBI? 
A. Traffic 
accident         
 
B. Fall from high 
places         
 
C. Violent attack         D. Fall          
 
E. Other_________________ 
 
3. From whom do you get information about  
patients’ injuries? (You can choose more 
than one answer) 
A.  Victim           B. Companions           
 
C. Witness           
 
D. Police           
 
E. Perpetrators           
 
F. Other______ 
 
 
4. On average, how long does it take you to 
reach accident sites?  
A. 10 minutes          
  
B. 15 minutes           C. 20 minutes            D. 30 minutes          E. Others_________                 
 
5. What is the percentage of TBI patients 
that can be managed within 20 minutes? 
A. 100%                  B. 80%                        C. 60%                        D. 40%                    E. 20%
 
 
6. Do you think it is important to establish 
a"green channel (fast pathway)" for severe 
TBI patients? 
 
A. Very important   B. Quite important       C. It depends on the 
situation of the 
hospital 
D. Not important     E. Green channels have 
nothing to do with pre-
hospital emergency 
services 
F.  I have no idea 
 
 
 
7. Which of these factors would affect the 
timely management of TBI patients? (You 
can choose more than one answer) 
A. Cross-regional 
emergency 
service caused by 
the lack of 
personnel 
B. Traffic jam C. Disordered 
emergency medicine 
management in the 
scene 
D. Unsatisfactory 
teamwork 
E. Always timely 
treatment without any 
obstacles 
F. None of above            
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8. Which of these factors may influence your 
treatment in pre-hospital settings? (You can 
choose more than one answer) 
A. Lack of 
equipment in pre-
hospital settings 
B. Lack of 
pharmaceutical 
products in pre-
hospital settings 
C. Unfamiliarity with 
the location of 
equipment or drugs in 
ambulance 
D. Unfamiliarity 
with relevant 
practices 
E. Restriction of 
environment in pre-
hospital settings 
(Weather, geography, 
and human element) 
F. Lack of a unified 
command 
G. 
Satisfaction 
with the 
results 
9. Which factors could influence the 
coordination of pre-hospital and hospital 
treatment? (You can choose more than one 
answer) 
A. Lack of pre-
hospital personnel   
B. Lack 
of?Communications 
equipment 
C. Lack of in-hospital 
personnel        
D. Lack of in-
hospital facilities 
E. Lack of proper 
hospital management 
system    
F. ED doctors without 
sufficient skills and 
knowledge 
G. 
Other____  
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Section 3: Pre-hospital TBI management  
Domain one: Identification of TBI 
Questions Options 
1. How reliable was the information 
about the patients’ injuries that you 
obtained: 
A. Very reliable          B.  Reliable           
 
C. Somewhat  reliable       D. Unreliable          
 
E. Uncertain 
2. Which of the following can help you to 
assess the original injury point of TBI? 
(You can choose more than one answer) 
A. Altered 
consciousness                  
 
B. Scalp injury (abrasion, 
contusion, scalp haematoma)   
C. Limb injury            
 
D. Injury process           
 
E. Limb paralysis           
 
F. Altered pupils  
 
3. Which of the following symptoms are 
external evidences of TBI? (You can 
choose more than one answer) 
A. Scalp wound or 
hematoma                     
B. Limb fracture                    
 
C. Cerebrospinal fluid 
leakage  
D. Shock             
 
E. Vomiting and headache              
F. Altered 
consciousness           
G. Dyspnea  H. Altered pupils             I. Psychentonia               J. Bellyache 
4. Which of the following issues are 
important for TBI patients? (You can 
choose more than one answer) 
A. History of head 
injury                          
B. Shock                          C. Coma duration             D. Fever  E. Headache or vomiting                          
F. Mental nervousness     
 
G. Hemoptysis
Domain two: Assessment of TBI severity 
1. How often do you assess the Glasgow 
Coma Scale (GCS) score for suspected  
TBI patients during pre-hospital 
practice? 
 
A. I always assess the 
GCS score for TBI 
patients 
B. I seldom assess the GCS 
score for TBI patients 
C. I cannot assess the 
GCS score correctly 
D. I have never heard of 
the GCS score before 
  
2. How do you assess the severity of TBI A. According to the B. According to the GCS C. According to D. According to the E. I never assess the F. None of the above 
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during pre-hospital practice? (You can 
choose more than one answer) 
state of patient’s 
consciousness 
 
score 
 
patient’s vital signs situation of multi-injury severity of TBI  
3. Which of the following statement is 
correct? (You can choose more than one 
answer) 
 
A. Without scalp 
injury, there would be 
no brain damage, mild 
illness 
B. With scalp injury, there 
must be brain damage, often 
in serious condition 
C. Without scalp injury, 
brain damage still can’t 
be ruled out. Conditions 
of illness need to be 
seen 
D. Scalp injury is not 
necessarily 
accompanied by brain 
damage and other 
symptoms need to be 
considered for illness 
assessment 
 
 
  
 
4. Which of the following statement is 
correct? 
 
A. Severity of coma is 
not related to severity 
of TBI 
B. Severity of coma is closely 
related to severity of TBI; the 
higher the GCS score , the 
severer the TBI  
C. Severity of coma is 
related to severity of 
TBI; the higher the 
GCS score, the milder 
the TBI 
D. Severity of coma is 
related to severity of 
TBI; the lower the GCS 
score, the milder the 
TBI 
  
5. Which of the following can be inferred 
from lucid interval (coma-conscious-
coma situation) 
A. Skull fracture            B. Shock C. Hypoxia   D. TBI and intracranial 
haemorrhage                     
E. Epilepsy    F. Nervous 
Domain three: Treatment of TBI 
1. According to your understanding, pre-
hospital services means: 
A. Treatment at the 
scene                              
 
B. Transfer the patient   
 
C. Treatment in the 
scene & transfer the 
patients            
D. Treatment en route 
 
E. Treatment at  the scene & transfer the patient 
& treatment en route 
2. What are your primary goals for pre-
hospital TBI management? (You can 
choose more than one answer) 
A. Correct hypoxia 
immediately if the 
oxygen saturation 
B. Correct hypotension 
immediately if hypotension 
happens 
C. Airway management 
as soon as possible if 
the patients have 
D. Reduce intracranial 
pressure with 20% 
mannitol, if elevated 
E. Only transport 
patient quickly 
without any specific 
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decreases breathing difficulty ICP is suspicious treatment 
3. What practices (if needed) do you use 
when you deal with TBI patients? (You 
can choose more than one answer) 
A. Intubating 
endotracheal 
B. Supplying oxygen C. Opening vein 
channel     
D. Stopping bleeding E. Recording ECG F. Administering 
analgesics 
G. Loosing trammel 
from around the neck 
4. Do you administer muscle relaxants 
before intubation? (You can choose more 
than one answer) 
A. I routinely 
administer muscle 
relaxants before 
intubation for TBI 
patients 
B. I administer muscle 
relaxants when there are 
difficulties during intubation 
C. I seldom administer 
muscle relaxants since 
there are no support 
facilities in the 
ambulance 
D. I seldom administer muscle relaxants because their administration is high 
risk 
5. Which of the following practices is/are 
correct when dealing with TBI patients? 
(You can choose more than one answer) 
A. Patients with scalp 
hematoma need a 
pressure bandage 
B. Patients with scalp 
hematoma don’t need a 
bandage, but they should be 
transported to hospital for 
further examination to rule 
out a skull fracture and 
traumatic brain injury 
C. Patients with scalp 
laceration wounds 
should be quickly 
bandaged, the wound 
pressed to stop 
bleeding, and then sent 
to hospital for 
debridement and 
suturing. 
D. Patients with scalp 
laceration wounds 
should be given 
debridement and 
suturing immediately, 
and tetanus antitoxin 
(TAT) injected to 
prevent tetanus 
E. Patient’s skull 
fracture with 
cerebrospinal fluid 
leak from ears and 
nose should be 
blocked urgently to 
prevent excessive loss 
of cerebrospinal fluid 
F. Patient’s skull 
fracture with 
cerebrospinal fluid leak 
should not be blocked 
 
6. Which of the following agents do you 
often use for TBI patients in pre-hospital 
settings? (You can choose more than one 
answer) 
A. Normal saline       B. Hypertonic saline        C. Mannitol D. Furosemide     E. Midazolam     F. Other______      
7. If the TBI patients have other 
concurrent injuries, what is the correct 
A. Nervous system 
(fixed spine, sedation, 
B. Circulatory system (control 
bleeding, correct abnormal 
C. Movement system 
(fractures fixation) 
D. Respiratory system (corrected ventilatory disorder, oxygenation, handling 
pneumothorax) 
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order to deal with these injuries (please 
write down the order on these lines): 
____ ->____ ->____ ->____ 
 
increased intracranial 
pressure) 
heart rhythms, correct 
hypotension) 
8. Do you measure blood sugar levels 
when the patient is suspected of having 
brain injury? 
A. Do not need to 
measure blood sugar 
levels for patients 
with suspected TBI 
B. Occasionally measure 
blood sugar levels for patients 
when TBI is suspected 
C. Routinely measure 
patient’s blood sugar 
levels when 
neuropsychiatric 
symptoms occur 
D. Measure patient’s 
blood sugar levels if 
they have diabetes 
history 
E. Perform routine 
measurement when 
TBI is suspected 
F. Other_______     
9. Which of the following are correct 
during transfer? (You can choose more 
than one answer) 
A. Keep the head and 
body at the same level 
B. Raise head 15 ° ~ 30 °; C. Turn coma and 
vomiting patient’s head 
to one side 
D. Lower coma and 
vomiting patient’s head 
E. Lean patient’s 
body naturally,  avoid 
patient’s neck 
twisting 
F. Fasten patient’s body 
and head with strap to 
prevent patients from 
dropping down? 
falling?. 
10. Which of the following is the correct 
principle for the transfer of severe TBI 
patients? (You can choose more than one 
answer) 
 
A. Transfer to first 
class hospitals, 
regardless of distance 
B. Transfer to the nearby 
hospital, regardless of the 
hospital ranking and 
speciality 
C. Transfer patients 
according to the 
requirement of their 
family 
D. Choose the hospital 
according to the 
assessment of severity, 
and send patients to 
qualified hospital 
E. According to 
preference of pre-
hospital staff 
F. Other_________ 
 
Thank you for your effort and time!  
The number at the end of the questionnaire represents your emergency centre, and it will not identify you.  
                        
NO. 001/002 
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急性颅脑损伤伤者 
院前急救医生抢救技能调查表 
 
尊敬的急救医生： 
 为了了解我市院前急救医生在创伤所致的急性颅脑损伤方面的院前急救能力，我们设计了此份调查问卷。为提高调查的准确率，
此问卷为匿名调查，请您按照您的实际情况回答下述问题，谢谢您的支持与配合。我们将会严格保密您所提供的所有信息。 
 
第一部分：基本信息 
   问题  选项 
1.您的年龄（岁）  A. <30                    B. 30 ‐ 39               C. 40 ‐ 49              D. ≥ 50 
2. 您的性别  A. 男                                   B. 女 
3. 您的最高学历  A. 大专  B. 本科                               C. 硕士                               D. 博士 
4. 您从事急诊工作或院前急
救工作的年限（年） 
A. <3                    
 
B. 3 ‐ 5                    
 
C. 6 ‐ 10                     
 
D. 11 ‐ 15                     
 
E. > 15 
 
5. 您的专业技术职称  A. 助理医师  B. 住院医师  C. 主治医生  D. 副主任医师   E. 主任医师  F. 其它          
6. 您目前的工作单位是  A. 120 急救中心    B. 医院急诊科  C. 其它_____________ 
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7. 您在从事院前急救以前从
事过何专业 
A. 之前未从事其它
临床专业 
B. 外科  C. 内科 
 
D. 妇儿科 
 
E. 其它________________ 
8. 您是否接受过包含颅脑损
伤院前急救的培训？ 
A. 从未接受培训  B. 上岗前接受过培
训 
C. 定期接受培训
（    月一次）   
D. 其它________________ 
 
 
第二部分：颅脑损伤的流行病学及院前急救管理 
问题 选项 
1. 在过去的两周内，您处
理过多少例外伤颅脑损伤
病人？ 
A. 0               
 
B. 1 – 5             
 
C. 6 ‐ 10             
 
D. 11 – 15              
 
E. ≥ 16             
 
F. 记不清 
 
2.您接诊的颅脑损伤伤者
中最多见的致伤原因? 
A. 交通事故
（车祸）伤   
B. 坠落伤 C. 暴力袭击 D. 跌倒   E. 其它            
3.（可多选）在院前急救
过程中，您主要通过哪些
人员得知伤者颅脑损伤过
程？ 
A. 伤者 B. 亲人或同伴 C. 旁观者或报
案者 
D. 警察 E. 肇事者 F. 其它          
4.您到达急救现场所需要
的平均时间是多少？ 
A.十分钟 B.十五分钟   C.二十分钟 D.三十分钟 E.其它        ____________   
5.在院前急救工作中，有
多少颅脑损伤伤者能在 20
分钟内得到您的急救处
理？ 
A.100%        B.80%          C.60%         D.40%          E.20%              
6.关于重型颅脑损伤伤者
急救，您认为建立“绿色
通道”： 
A.非常必要 B.比较重要   C.视医院情况
决定   
D.不重要   E.与院前急救无关 F.不了解    
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7. (多选) 一般情况下是
什么因素影响了您及时对
伤者进行院前急救处理？ 
A.急救网点
人员不足，
跨区域出诊    
B.交通阻塞   C.急救现场混
乱 
D.急救人员配
合不默契 
E.没有任何因素，
我都处理的很及时   
F.其它                
8.（多选）您认为在院前
急救过程中，是什么阻碍
了您的治疗？ 
A.院前急救
设备不足 
B.院前急救药品
不足 
C.设备药品摆
放位置不熟悉 
D.急救操作不
熟练    
E.急救现场环境
（天气，地理，人
为等因素）限制     
F.缺乏统一的指挥  G.结果满意，没有任何
因素影响      
9.（多选）您认为影响院
前与院内接应工作出现不
协调的主要因素是？ 
A.院前急救
人员不足 
B.通讯设备原因  C.院内医务人
员不足       
D.院内硬件设
备不足 
E.医院管理体制不
完善 
F.院内医务人员技
术水平限制   
G.其它             
 
第三部分：颅脑损伤的院前急救 
第一节：颅脑损伤的识别 
问题  选项 
1. 院前急救过程中，伤者受伤情况及病史获得的
可靠程度： 
A. 非常可靠  B. 可靠  C. 基本可靠  D. 不够可靠  E. 不确定 
2. （可多选）以下哪几种情况对判断头部外伤着
力点最重要？ 
A. 意识障碍  B. 头皮损伤（擦
伤、挫裂伤、头
皮血肿）      
C. 肢体伤痕  D. 受伤时的头
部受力情况 
E. 肢体瘫痪  F. 瞳孔变化 
3.（可多选）下列哪些表现对判断伤者颅脑外伤情
况有较大帮助？ 
A.头皮伤口或血肿  B.四肢骨折  C.脑脊液漏  D.休克  E.头痛、呕吐  F.意识障碍 
G.呼吸困难  H.瞳孔改变  I.精神紧张  J.腹痛 
4.（可多选）在判断颅脑损伤时，以下哪些问题很
重要？ 
A.头部外伤史  B.休克  C.昏迷时间  D.发热    E.头痛、呕吐    F.精神紧张 
G.咯血 
第二节：颅脑损伤程度的评估 
1.您是否会对颅脑损伤病人使用格拉斯哥昏迷评分
（GCS 评分）？ 
A.经常运用  B.不常用  C.不能准确运用  D.没听说过   
2.（可多选）您在院前急救工作中，如何评估伤者
的颅脑损伤程度？ 
A.根据伤者意识障
碍的程度 
B.格拉斯哥昏迷
评分（GCS 评分） 
C.根据伤者生命
体征判断 
D.根据伤者外伤
情况判断 
E.不进行颅脑损
伤程度的评估 
F.其它          
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3.（可多选）伤者有头部外伤，以下哪些判断正
确? 
A.无头皮损伤，就
不会有脑损伤，病
情较 
B.有头皮损伤，
就 一 定 有 脑 损
伤，病情多较危
重 
C.无头皮损伤，
并不能排除脑损
伤，病情需要观
察 
D.有头皮损伤，并不一定伴有脑损伤，病情需要结合
其它情况定断 
4.伤者伤后昏迷，以下哪项判断正确?  A.昏迷程度与脑损
伤程度无关 
B.昏迷程度与脑
损伤程度有密切
关系，GCS 越高，
病情越重 
C.昏迷程度与脑
损伤程度有一定
关 系 ， GCS 越
高，病情越轻 
D.昏迷程度与脑损伤程度有一定关系，GCS 越低，病
情越轻 
5.伤者伤后出现昏迷—清醒—再昏迷（“中间清醒
期”），高度提示 
A.颅骨骨折  B.休克  C.缺氧  D.颅脑外伤、颅
内出血    
E.癫痫  F.精神紧张 
第三节：颅脑损伤的处理 
1.颅脑损伤院前急救是指  A. 事发现场的救
护 
B. 将伤者从现场
转运至医院救治   
C. 现场救护+转
运        
D. 护送伤者到
达医院之前的途
中救护 
E. 现场救护+转运+伤者送达医院
之前的途中救护 
2.（多选）您在院前急救工作中，处理颅脑损伤伤
者的主要目标有哪些？ 
A.若伤者血氧饱和
度下降，立即纠正
缺氧状态  
B.若伤者合并低
血压，马上纠正
低血压 
C.若伤者存在呼
吸困难（通气不
足），尽快改善
通气异常（气管
插管、机械通
气）     
D.疑似存在颅内
压增高，尽快静
脉应用 20%甘露
醇降低颅内高压  
E.不做特殊处理，单纯快速运输病
人 
3.（多选) 您在院前急救工作中，处理颅脑损伤病
人进行哪些操作？ 
A.必要时气管插管  B.吸氧  C.开放静脉通道  D.控制出血  E.心电监护    F.止痛 
G.解除伤者颈部束缚物（项链，衣领等 
4.（多选） 您在对颅脑损伤伤者进行气管插管时
是否使用肌松剂？ 
A.颅脑外伤伤者插
管常规使用肌松剂 
B.插管存在困难
时使用肌松剂   
C.救护车上无条
件使用该药，基
本不使用    
D.使用该药存在风险，基本不使用 
5.（多选） 颅脑外伤伤者存在以下情况，哪些处
理是正确的？ 
A.头皮血肿需要院
前加压包扎 
B.头皮血肿一般
不需包扎，但应
护送到医院进一
步检查，以排除
颅骨骨折和颅脑
C.头皮裂伤伤口
迅速包扎，包扎
后用手压迫伤口
以促进止血，并
护送伤员到医院
D.头皮裂伤伤口
迅速行清创缝
合，肌注破伤风
抗毒素（TAT）
防止破伤风发生 
E, 颅 底 骨 折 时
耳、鼻有脑脊液
流出，需紧急堵
塞，防止脑脊液
过度流失 
F 耳鼻有溢液时
不要现场堵塞，
以防颅内感染 
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损伤  清创缝合 
6.（可多选） 在院前急救过程中，您通常为颅脑
损伤伤者静脉输注哪种液体？ 
A.生理盐水     B.高渗盐水  C.甘露醇  D.速尿    E.咪达唑仑   F.其它          
7.若颅脑损伤伤者合并多发伤，您处理伤者的先后
顺序是：    ->    ->    ->        
A.神经系统（固定
脊柱、镇静、降低
颅内压） 
B.循环系统
（控制出血、纠
正心率失常、纠
正低血压）  
 
C.运动系统
（骨折固定） 
 
D.呼吸系统
（纠正通气障
碍、吸氧、处理
气胸） 
 
8.当您怀疑外伤伤者存在颅脑损伤时，是否常规测
量伤者血糖？ 
A.无需常规测量  B.偶尔测量    C.出现神经精神
症状时常规测量 
D.有糖尿病史时
常规测量 
E.只要怀疑脑损
伤即常规测量 
F.其它          
9.（多选）伤者转运途中,头位与体位护理哪些正
确？ 
A.伤者头部保持与
身体水平一致 
B.伤者头部抬高
15°～30° 
C.昏迷、呕吐伤
者头偏向一方 
D.昏迷、呕吐伤
者头部尽量下垂 
E. 身 体 自 然 倾
斜，避免颈部扭
曲 
F.身体及头部用
束带固定，防止
伤者摔落 
10.（多选）重型颅脑损伤伤者向医院转运的基本
原则，以下哪些是正确的？ 
A.向三级甲等医院
转送，无论远近 
B. 把 握 就 近 原
则，无论转送医
院等级和专长 
C.按伤者或家属
要求，选择转送
医院 
D. 根据病情评
估，选择有条件
的转送医院 
E.根据医护人员
意愿，选择转送
医院 
F.其它 
 
 
非常感谢您的配合！调查问卷末尾的编号代表您所在的急救中心，但是并不会暴露您的姓名。 
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Appendix C: Descriptions and coding of variables 
Variable name Description Values 
Section 1 Demographic Information
1.1 Age Participant age in groups Ordinal values 
1= <30  
2= 30-39  
3= 40-49  
4= ≥50 
999= Missing 
1.2 Sex Sex of participant 1= Male 
2= Female 
999= Missing 
1.3 Education Highest level of education 1= Associate Degree 
2= Bachelor’s Degree 
3= Master’s Degree 
4=PhD 
999= Missing 
1.4 Service_Year Length of service in Emergency 
Medicine (Year) 
1= <3 years 
2= 3-5 years 
3= 6-10 years 
4= 11-15 years 
5= >15 years 
999= Missing 
1.5 Professional_Title Professional titles in Chinese hospital 1= Assistant Doctor 
2= Resident Doctor 
3= Attending Doctor 
4= Associate Chief Doctor 
5= Chief Doctor 
999= Missing 
1.6 Working_Unit Your current working unit 1= Emergency Medicine Center 
2= Hospital Emergency Department 
3= Other 
999= Missing 
1.7 Specialty_Before Which department did you worked 
before you engaged in prehospital 
emergency medicine service? 
1= Not anyone else 
2= Surgery 
3= Internal Medicine 
4 Gynecology or Pediatrics  
999= Missing 
1.8 Training_Program Have you receives any training 
associated with TBI? 
0= Never 
1= Pre-job training 
2= Regular training  
  
3= Other (with notes) 
999= Missing 
1.9 TBI_Number How many TBI cases have you dealt 
with in the last two weeks? 
1= 0 
2= 1-5 cases 
3= 6-10 cases 
4= 11-15 casesh 
5= >15 cases 
6= Cannot recall  
999= Missing 
Section 2 Pre-hospital Management & TBI Epidemiology 
2.1 Cause What is the most common cause of TBI? 
2.1_A Do they choose “A” 0= No; 1= Yes  
2.1_B Do they choose “B” 0= No; 1= Yes 
2.1_C Do they choose “C” 0= No; 1= Yes 
2.1_D Do they choose “D” 0= No; 1= Yes 
2.1_E Do they choose “E” 0= No; 1= Yes (with notes) 
2.2 Information 
(MCQ) 
Where do you get the information of patients’ injury process? 
2.2_A Do they choose “A” 0= No; 1= Yes  
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2.2_B Do they choose “B” 0= No; 1= Yes 
2.2_C Do they choose “C” 0= No; 1= Yes 
2.2_D Do they choose “D” 0= No; 1= Yes 
2.2_E Do they choose “E” 0= No; 1= Yes 
2.2_F Do they choose “F” 0= No; 1= Yes (with notes) 
4.1 Average_Time In average, how long did you need to 
go to the scene? 
1= 10 minutes           
2= 15 minutes           
3= 20 minutes            
4= 30 minutes           
5= Other 
999= Missing 
4.2 Intime_Percentage What is the proportion of TBI patients 
can be managed within 20 minutes? 
1= 100%                       
2= 80%                       
3= 60%                        
4= 40%                       
5= 20% 
999= Missing 
4.3 
Intime_influence 
(MCQ) 
Which of the factors below would affect the timely management for TBI patients? 
4.3_A Do they choose “A” 0= No; 1= Yes  
4.3_B Do they choose “B” 0= No; 1= Yes 
4.3_C Do they choose “C” 0= No; 1= Yes 
4.3_D Do they choose “D” 0= No; 1= Yes 
4.3_E Do they choose “E” 0= No; 1= Yes 
4.3_F Do they choose “F” 0= No; 1= Yes (with notes) 
4.11 
Treatment_influence 
(MCQ) 
Which of the factors below may influence your treatment in prehospital settings? 
 
4.11_A Do they choose “A” 0= No; 1= Yes  
4.11_B Do they choose “B” 0= No; 1= Yes 
4.11_C Do they choose “C” 0= No; 1= Yes 
4.11_D Do they choose “D” 0= No; 1= Yes 
4.11_E Do they choose “E” 0= No; 1= Yes 
4.11_F Do they choose “F” 0= No; 1= Yes 
4.11_G Do they choose “G” 0= No; 1= Yes 
4.11_H Do they choose “H” 0= No; 1= Yes (with notes) 
5.3 Green_channel  Do you think it is important to 
establish "green channel" for severe 
TBI patients? 
1= Very important       
2= Quite important        
3= It depends on the situation of hospital 
4= Not important         
5= Green channel have nothing to do with 
prehospital emergency service 
6= I have no idea 
999= Missing 
5.4 
Coordination_influen
ce (MCQ) 
Which factors below could influence the coordination of pre-hospital and hospital 
connect work? 
5.4_A Do they choose “A” 0= No; 1= Yes  
5.4_B Do they choose “B” 0= No; 1= Yes 
5.4_C Do they choose “C” 0= No; 1= Yes 
5.4_D Do they choose “D” 0= No; 1= Yes 
5.4_E Do they choose “E” 0= No; 1= Yes 
5.4_F Do they choose “F” 0= No; 1= Yes 
5.4_G Do they choose “G” 0= No; 1= Yes (with notes) 
Section 3 Score of questions in pre-hospital TBI management 
1.10 Pre-hospital services means? F= 6 
Any answer include A/B/C/D= 0 
Missing= 0 
2.3 The reliability of the information you 
obtained? 
A= 6 
B= 4 
C= 2 
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Any answer include D/E= 0 
Missing= 0 
2.4 (with one or more 
correct options) 
Which of the followings can help you 
to assess the original injury point of 
TBI?  
1. Participant will get one score if they 
chose one right option and get zero score if 
they chose wrong option in each question; 
2. The original full score of this question 
(T) equals to the number of right options; 
3. Participant’s original score of this 
question (T0) equals to the number of right 
options he/she choose; 
4. The full standard score of each question 
is 6; 
5. Participant’s standard score of this 
question Ts=(T0/T) *6 
2.4_A Do they choose “A” 0= No; 1= Yes  
2.4_B Do they choose “B” 0= No; 1= Yes 
2.4_C Do they choose “C” 0= No; 1= Yes 
2.4_D Do they choose “D” 0= No; 1= Yes 
2.4_E Do they choose “E” 0= No; 1= Yes 
2.4_F Do they choose “F” 0= No; 1= Yes 
2.5 (with one or more 
correct options) 
Which of the following symptoms 
can help to assess the situation of 
TBI? 
1. Participant will get one score if they 
chose one right option and get zero score if 
they chose wrong option in each question; 
2. The original full score of this question 
(T) equals to the number of right options; 
3. Participant’s original score of this 
question (T0) equals to the number of right 
options he/she choose; 
4. The full standard score of each question 
is 6; 
5. Participant’s standard score of this 
question Ts=(T0/T) *6 
2.5_A Do they choose “A” 0= No; 1= Yes  
2.5_B Do they choose “B” 0= No; 1= Yes 
2.5_C Do they choose “C” 0= No; 1= Yes 
2.5_D Do they choose “D” 0= No; 1= Yes 
2.5_E Do they choose “E” 0= No; 1= Yes 
2.5_F Do they choose “F” 0= No; 1= Yes 
2.5_G Do they choose “G” 0= No; 1= Yes 
2.5_H Do they choose “H” 0= No; 1= Yes 
2.5_I Do they choose “I” 0= No; 1= Yes 
2.5_J Do they choose “J” 0= No; 1= Yes 
2.6 (with one or more 
correct options) 
which of the following issues are 
important for TBI patients? 
1. Participant will get one score if they 
chose one right option and get zero score if 
they chose wrong option in each question; 
2. The original full score of this question 
(T) equals to the number of right options; 
3. Participant’s original score of this 
question (T0) equals to the number of right 
options he/she choose; 
4. The full standard score of each question 
is 6; 
5. Participant’s standard score of this 
question Ts=(T0/T) *6 
2.6_A Do they choose “A” 0= No; 1= Yes  
2.6_B Do they choose “B” 0= No; 1= Yes 
2.6_C Do they choose “C” 0= No; 1= Yes 
2.6_D Do they choose “D” 0= No; 1= Yes 
2.6_E Do they choose “E” 0= No; 1= Yes 
2.6_F Do they choose “F” 0= No; 1= Yes 
2.6_G Do they choose “G” 0= No; 1= Yes 
3.1  Do you know GCS score? A= 6 
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B= 4 
C= 2 
D= 0 
Missing= 0 
3.2 (with one or more 
correct options) 
How did you assess the severity of 
TBI during emergency medicine 
service? 
1. Participant will get one score if they 
chose one right option and get zero score if 
they chose wrong option in each question; 
2. The original full score of this question 
(T) equals to the number of right options; 
3. Participant’s original score of this 
question (T0) equals to the number of right 
options he/she choose; 
4. The full standard score of each question 
is 6; 
5. Participant’s standard score of this 
question Ts=(T0/T) *6 
3.2_A Do they choose “A” 0= No; 1= Yes  
3.2_B Do they choose “B” 0= No; 1= Yes 
3.2_C Do they choose “C” 0= No; 1= Yes 
3.2_D Do they choose “D” 0= No; 1= Yes 
3.2_E Do they choose “E” 0= No; 1= Yes 
3.2_F Do they choose “F” 0= No; 1= Yes (with notes) 
3.3 (with one or more 
correct options) 
which of the following statement is 
correct? 
1. Participant will get one score if they 
chose one right option and get zero score if 
they chose wrong option in each question; 
2. The original full score of this question 
(T) equals to the number of right options; 
3. Participant’s original score of this 
question (T0) equals to the number of right 
options he/she choose; 
4. The full standard score of each question 
is 6; 
5. Participant’s standard score of this 
question Ts=(T0/T) *6 
3.3_A Do they choose “A” 0= No; 1= Yes  
3.3_B Do they choose “B” 0= No; 1= Yes 
3.3_C Do they choose “C” 0= No; 1= Yes 
3.3_D Do they choose “D” 0= No; 1= Yes 
3.4 Which of the following statement is 
correct? 
C= 6 
Any answer include A/B/D= 0 
Missing= 0 
3.5 Which of the following can be 
inferred from lucid interval (coma-
conscious-coma situation)? 
D= 6 
Any answer include A/B/C/E/F= 0 
Missing= 0 
 
4.4 (with one or more 
correct options) 
What were your primary goals for 
prehospital TBI management? 
1. Participant will get one score if they 
chose one right option and get zero score if 
they chose wrong option in each question; 
2. The original full score of this question 
(T) equals to the number of right options; 
3. Participant’s original score of this 
question (T0) equals to the number of right 
options he/she choose; 
4. The full standard score of each question 
is 6; 
5. Participant’s standard score of this 
question Ts=(T0/T) *6 
4.4_A Do they choose “A” 0= No; 1= Yes  
4.4_B Do they choose “B” 0= No; 1= Yes 
4.4_C Do they choose “C” 0= No; 1= Yes 
4.4_D Do they choose “D” 0= No; 1= Yes 
4.4_E Do they choose “E” 0= No; 1= Yes 
4.5 (with one or more what practices have you done when 1. Participant will get one score if they 
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correct options) you deal with TBI patients? chose one right option and get zero score if 
they chose wrong option in each question; 
2. The original full score of this question 
(T) equals to the number of right options; 
3. Participant’s original score of this 
question (T0) equals to the number of right 
options he/she choose; 
4. The full standard score of each question 
is 6; 
5. Participant’s standard score of this 
question Ts=(T0/T) *6 
4.5_A Do they choose “A” 0= No; 1= Yes  
4.5_B Do they choose “B” 0= No; 1= Yes 
4.5_C Do they choose “C” 0= No; 1= Yes 
4.5_D Do they choose “D” 0= No; 1= Yes 
4.5_E Do they choose “E” 0= No; 1= Yes 
4.5_F Do they choose “F” 0= No; 1= Yes 
4.5_G Do they choose “G” 0= No; 1= Yes 
4.5_H Do they choose “H” 0= No; 1= Yes (with notes) 
4.6 (with one or more 
correct options) 
Do you use muscle relaxants before 
intubation? 
1. Participant will get one score if they 
chose one right option and get zero score if 
they chose wrong option in each question; 
2. The original full score of this question 
(T) equals to the number of right options; 
3. Participant’s original score of this 
question (T0) equals to the number of right 
options he/she choose; 
4. The full standard score of each question 
is 6; 
5. Participant’s standard score of this 
question Ts=(T0/T) *6 
4.6_A Do they choose “A” 0= No; 1= Yes  
4.6_B Do they choose “B” 0= No; 1= Yes 
4.6_C Do they choose “C” 0= No; 1= Yes 
4.6_D Do they choose “D” 0= No; 1= Yes 
4.7 (with one or more 
correct options) 
Which of the following practices 
is/are right when dealing with TBI 
patients? 
1. Participant will get one score if they 
chose one right option and get zero score if 
they chose wrong option in each question; 
2. The original full score of this question 
(T) equals to the number of right options; 
3. Participant’s original score of this 
question (T0) equals to the number of right 
options he/she choose; 
4. The full standard score of each question 
is 6; 
5. Participant’s standard score of this 
question Ts=(T0/T) *6 
4.7_A Do they choose “A” 0= No; 1= Yes  
4.7_B Do they choose “B” 0= No; 1= Yes 
4.7_C Do they choose “C” 0= No; 1= Yes 
4.7_D Do they choose “D” 0= No; 1= Yes 
4.7_E Do they choose “E” 0= No; 1= Yes 
4.7_F Do they choose “F” 0= No; 1= Yes 
4.8 (with one or more 
correct options) 
Which of the following medication 
did you often iv for TBI patients in 
prehospital settings? 
1. Participant will get one score if they 
chose one right option and get zero score if 
they chose wrong option in each question; 
2. The original full score of this question 
(T) equals to the number of right options; 
3. Participant’s original score of this 
question (T0) equals to the number of right 
options he/she choose; 
4. The full standard score of each question 
is 6; 
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5. Participant’s standard score of this 
question Ts=(T0/T) *6 
4.8_A Do they choose “A” 0= No; 1= Yes  
4.8_B Do they choose “B” 0= No; 1= Yes 
4.8_C Do they choose “C” 0= No; 1= Yes 
4.8_D Do they choose “D” 0= No; 1= Yes 
4.8_E Do they choose “E” 0= No; 1= Yes 
4.8_F Do they choose “F” 0= No; 1= Yes (with notes) 
4.9 If the TBI patients are accompanied 
with other concurrent injury, what is 
the right order to deal with these 
injuries 
DBAC= 6 
Any other order= 0 
Missing= 0 
4.10  Did you measure blood sugar level 
when the patient is suspicious of TBI? 
E= 6 
C= 4 
B= 2 
Any answer include A/D= 0 
Missing= 0 
5.1 (with one or more 
correct options) 
Which of the following are correct 
during transfer? 
1. Participant will get one score if they 
chose one right option and get zero score if 
they chose wrong option in each question; 
2. The original full score of this question 
(T) equals to the number of right options; 
3. Participant’s original score of this 
question (T0) equals to the number of right 
options he/she choose; 
4. The full standard score of each question 
is 6; 
5. Participant’s standard score of this 
question Ts=(T0/T) *6 
5.1_A Do they choose “A” 0= No; 1= Yes  
5.1_B Do they choose “B” 0= No; 1= Yes 
5.1_C Do they choose “C” 0= No; 1= Yes 
5.1_D Do they choose “D” 0= No; 1= Yes 
5.1_E Do they choose “E” 0= No; 1= Yes 
5.1_F Do they choose “F” 0= No; 1= Yes 
5.2 (with one or more 
correct options) 
Which of the following is the correct 
principle for the transfer of severe 
TBI patients? 
1. Participant will get one score if they 
chose one right option and get zero score if 
they chose wrong option in each question; 
2. The original full score of this question 
(T) equals to the number of right options; 
3. Participant’s original score of this 
question (T0) equals to the number of right 
options he/she choose; 
4. The full standard score of each question 
is 6; 
5. Participant’s standard score of this 
question Ts=(T0/T) *6 
5.2_A Do they choose “A” 0= No; 1= Yes  
5.2_B Do they choose “B” 0= No; 1= Yes 
5.2_C Do they choose “C” 0= No; 1= Yes 
5.2_D Do they choose “D” 0= No; 1= Yes 
5.2_E Do they choose “E” 0= No; 1= Yes 
5.2_F Do they choose “F” 0= No; 1= Yes 
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Appendix D: QUT human ethics approval certificate 
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Appendix E: HMU human ethics approval certificate 
 
